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PREFACE 

This  volume  on  reinforced-concrete  construction  treats  of  the 
design  and  the  construction  of  retaining  walls  and  buildings.  It 
has  been  prepared  to  meet  the  needs  of  students  having  varying 
qualifications,  and  on  this  account  is  more  comprehensive  in 
some  respects  than  the  ordinary  text-book  dealing  with  these 
subjects.  The  designing  work  is  given  in  detail  and  an  effort  has 
been  made  to  gain  clearness  by  the  selection  and  arrangement  of 
the  subject  matter  and  by  numerous  drawings  and  photographs. 

Volume  I,  which  treats  of  the  fundamental  principles  of  rein- 
forced-concrete  construction,  has  been  adopted  as  a  text-book  in 
a  number  of  technical  schools  and  it  is  quite  probable  that  the 
present  volume  will  be  considered  for  the  same  purpose.  Since, 
engineering  courses  are  commonly  subject  to  severe  time  limita- 
tions, it  is  hardly  to  be  expected  that  the  entire  book  can  be 
covered  in  class-work.  The  experienced  instructor,  however, 
will  recognize  at  once  that  many  parts  of  the  text  may  be  omitted 
without  seriously  interfering  with  the  continuity  of  the  subject. 

The  author  desires  to  acknowledge  his  indebtedness  to  Mr. 
Leslie  H.  Allen  of  the  Aberthaw  Construction  Company  for  the 
chapters  on  "Estimating";  and  to  Mr.  A.  W.  Ransome,  Vice- 
President  of  the  Ransome  Concrete  Machinery  Company,  for 
the  chapter  on  '-Construction  Plant."  These  chapters  should 
prove  valuable,  not  only  to  engineering  students,  but  to  engineers 
in  general  practice.  The  author  also  wishes  to  express  his  appre- 
ciation of  the  excellent  work  of  Mr.  Frank  C.  Thiessen  who  made 
all  the  drawings  for  illustrations  with  the  exception  of  those 
pertaining  to  construction  plant. 

The  author  is  under  obligation  to  Mr.  A.  B.  MacMillan  of  the 
Aberthaw  Construction  Company  and  to  Mr.  H.  Russell  Smith 
of  the  Otis  Elevator  Company  for  critical  reading  of  portions  of 
the  text  and  for  many  valuable  suggestions.  Grateful  acknowl- 
edgments are  due  to  the  Universal  Portland  Cement  C'o., 
Turner  Construction  Co.,  Atlas  Portland  Cement  Co.,  Ferro- 
concrete Construction  Co.,  Concrete  Engineering  Co.,  C.  A.  P. 

vii 


viii  PREFACE 

Turner  Construction  Co.^  Aberthaw  Construction  Co.,  Otis 
Elevator  Co,,  Unit  Construction  C-o.,  Raj^uond  Concrete  Pile 
Co.,  Simplex  Foundation  Co.,  Densmore  and  LeClear,  Mr. 
Arthur  Peabody,  Mr,  Benjamin  ¥ox,  Mr*  Allen  Brett,  Mr.  Harry 
F.  Porter,  and  Mr.  A.  C.  Chenoweth  for  the  use  of  plans  and 
photographs, 

G.  A.  H. 
The  University  of  WiscoiusiNi 
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PART  I 

RETAINING  WALLS 


A  retaining  wall  is  a  wall  of  masonry  built  to  sustain  the  lateral 
pressure  of  earth  or  of  other  material  possessing  more  or  less 
frictional  stability. 

A  reinforced-concrete  retaining  wall  is  nearly  always  more 
economical  than  a  retaining  wall  of  gravity  section,  either  of 
stone  masonry  or  plain  concrete^  In  stone  masonry  and  plain 
concrete  walls  the  section  must  be  made  heavy  enough  so  that 
the  weight  of  the  structure  will  prevent  overturning,  while  in 
reinforced-concrete  walls  the  weight  of  a  considerable  part  of 
the  sustained  material  is  utilized  and,  in  addition,  the  sections 
may  be  designed  to  more  nearly  develop  the  full  strength  of  the 
concrete. 


CHAPTER  I 
THEORY  OF  STABILITY 

!•  Earth  Pressure. — To  determine  the  effect  of  the  thrust  of 
a  bank  of  earth  against  a  wall,  it  is  necessary  to  know  (1)  the 
magnitude  of  the  pressure,  (2)  its  point  of  application,  and  (3) 
its  line  of  action.  We  have  little  exact  knowledge,  however, 
concerning  these  three  elements  of  the  thrust. 

In  Fig.  1,  let  AB  represent  the  back  of  a  retaining  wall,  and 
AC  the  surface  of  the  ground.  The  earth  has  a  tendency  to 
break  away  and  come  down  some  line,  as  CB,  thus  producing 
pressure  on  the  wall.     The  weight  of  the  earth  tends  to  cause 
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2  REINFORCED  CONCRETE  CONSTRUCTION 

this  breaking  away  while  the  resisting  forces  are  the  friction 
and  the  cohesion  along  the  line  BC,  and  the  resistance  of  the 
wall.  Unfortunately  there  is  a  lack  of  adequate  experimental 
data  concerning  the  constants  of  weight,  friction,  and  cohesion 
of  any  particular  ground,  and  this  lack  of  information  on  the 
subject  has  led  to  some  extent  to  the  use  of  formulas  based 
almost  wholly  upon  purely  theoretical  considerations. 

Earth  pressure  theories  neglect  cohesion  of  the  filling  and  a 
number  of  experiments  have  been  made  to  check  up  the  theo- 
retical deductions,  using  material  approaching  as  nearly  as  possible 
to  the  ideal  condition  of  a  granular  mass.  Clean,  dry  sand  has 
been  used  extensively  in  such  experiments  inasmuch  as  it  has 


Fig.  2. 


little  cohesion  and  is  about  as  good  as  any  material  for  the 
purpose.  However,  the  experiments  that  have  been  made  are 
of  little  value,  due  principally  to  the  difficulty  of  devising  a 
measuring  apparatus  that  will  give  the  true  pressures.  Some 
experiments  have  also  been  made  on  cohesive  material,  but  the 
problem  here  is  even  a  much  more  difficult  one  than  the  deter- 
mination of  the  pressures  of  granular  materials  and  the  results 
do  not  holp  appreciably  in  the  determination  of  earth  pressures 
for  the  conditions  found  in  practice.  Most  of  the  tests  on  re- 
taining walls  have  been  made  with  material  of  limited  extent, 
BO  that  the  results  are  not  comparable. 

2.  Earth  Pfessure  Theories. — All  earth  pressure  theories 
assume  (1)  that  the  surface  of  rupture,  BC,  Fig.  1,  is  a  plane, 
(2)  that  the  point  of  application  of  the  resultant  pressure  is  at 
one-third  of  the  height  of  the  wall  from  the  bottom,  and  (3)  that 
the  resultant  pressure  makes  a  definite  angle  with  the  horizontal. 
Each  of  these  three  assumptions  has  been  seriously  questioned. 
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Assuming  that  the  surface  of  rupture  is  a  plane,  is  equivalent 
to  assuming  that  the  soil  is  devoid  of  cohesion,  and  that  it  is 
homogeneous  and  non-compressible.  Consider  for  a  moment 
a  material  which  is  so  thoroughly  pulverized  that  all  cohesion 
between  its  particles  is  destroyed.  If  this  material  were 
poiu-ed  vertically  upon  a  horizontal  surface,  the  surface  slope 
would  make  an  angle  with  the  horizontal  whose  tangent  would 
be  equal  to  the  coeflScient  of  friction — called  the  angle  of  repose 
of  the  material.  The  particles  on  such  a  slope  would  be  held  in 
equilibrium  by  the  force  of  gravity  and  by  friction.  Now 
consider  this  material  placed  behind  a  retaining  wall,  as  in 
Fig.  2.  If  BC  is  the  plane  of  rupture,  the  prism  ABC  is  what  is 
called  the  sliding  wedge  and  the  resultant  pressure  on  BC  makes 
an  angle  with  the  normal  to  BC  equal  to  the  coefficient  of  friction 
of  the  material.  This  angle  is  called  the  angle  of  internal 
friction  and  experiments  show  that  this  angle  differs  materially 
from  the  angle  of  surface  slope.  The  resistance  of  particles 
moving  on  an  exposed  slope  is  probably  rolling  friction  rather 
than  sliding,  while  the  resistance  involved  in  the  lateral  pressure 
of  earth  is  sliding  friction.  There  seems  to  be  no  constant 
relation  between  the  values  obtained  from  these  two  kinds  of 
friction.  The  angle  of  internal  friction  seems  to  depend  upon 
the  size  of  the  particles  and  to  increase  with  the  pressure  and  the 
moisture,  but  additional  experiments  are  needed  to  determine 
the  law  of  its  variation. 

In  a  granular  mass  of  earth  we  have  seen  that  there  is  a  limit 
to  the  angle  which  the  direction  of  the  pressure  on  a  plane  can 
make  with  the  normal  to  that  plane.  But  suppose  the  earth  is 
not  a  granular  mass.  Then  its  cohesion  (meaning  the  force 
uniting,  the  particles  of  the  earth,  whether  that  force  be  adhesion 
or  true  cohesion)  acts  like  the  cohesion  of  a  solid  body  and  the 
angle  of  internal  friction  may  be  90°,  or  even  greater  than  90°; 
that  is,  the  earth  may  be  cut  to  stand  vertically,  or  even  over- 
hanging. Cohesion,  however,  is  influenced  greatly  by  the  effect 
of  moisture  and  the  vibration  of  moving  loads  and  is  partiaHy, 
if  not  entirely,  destroyed  when  earth  is  removed  from  its  original 
location.  Thus,  earth  pressure  theories,  based  on  a  perfectly 
dry  granular  mass,  tend  to  give  maximum  conditions  and  this 
18  an  argimfient  advanced  for  their  use. 

In  a  liquid  like  water,  the  pressure  at  any  point  is  exerted  in 
all  directions  with  equal  intensity,  acts  normal  to  any  given 
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surface,  and  depends  only  upon  the  depth  below  the  surface,  or 
the  head  as  it  is  called.  Let  h  be  the  head  and  w  the  weight  of  a 
cubic  unit  of  the  liquid.  Then  at  the  depth  h,  one  horizontal 
^  square  unit  sustains  a  pressure  equal  to  the  weight  of  a  column 
of  liquid  whose  height  is  h,  and  whose  cross-section  is  one  square 
unit,  or  wh.  Now,  since  fluid  pressure  is  exerted  in  all  directions 
with  equal  intensity,  the  unit  pressure  on  a  wall  which  prevents 
the  flow  of  a  liquid  will  increase  directly  as  the  depth,  and  the 
unit  pressures  may  be  graphically  represented  by  arrows  which 
form  a  triangle,  as  in  Fig.  3.  If  a  force  P  equal  to  the  total 
pressure  be  applied  at  the  center  of  gravity  of  the  traingle,  or 
^h  above  the  base  of  wall,  it  will  have  an  effect  identical  to  that 


>4         surface  of  //qufd 


Fig.  4. 


of  all  the  unit-pressures  on  the  wall.  Thus,  the  total  pressure 
on  a  wall  due  to  a  liquid  may  be  obtained  by  finding  the  area 
of  triangle  ABD,  Fig.  3,  or 

The  fluid  pressure  P  and  the  weight  of  wall  TT,  Fig.  4,  cause  a 
force  R  (which  is  the  resultant  of  P  and  TF)  to  act  upon  the  base 
of  wall.  Now  since  in  all  earth-pressure  theories,  the  amount 
of  the  lateral  pressure  varies  as  ft^ — that  is,  as  the  square  of  the 
vertical  height  of  the  wall — it  is  always  assumed  that  earth 
pressure  follows  the  law  of  liquid  pressure  and  that  therefore 
the  point  of  application  is  \h  from  the  bottom  of  the  wall.  The 
argument  advanced  against  this  assumption  is  that  it  has  not 
been  proved  beyond  question  that  the  lateral  pressure  of  earth 
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varies  as  the  square  of  the  height,  and  hence  that  it  cannot  be 
concluded  that  the  point  of  application  is  certainly  at  one-third 
the  height;  also,  that  the  prism  of  earth  between  the  plane  of 
rupture  and  the  back  of  the  wall  has  been  assumed,  in  deducing 
the  formula  for  the  amount  of  pressure,  to  act  as  a  solid  wedge 
sliding  on  the  plane  of  rupture  and  there  is  thus  no  reason  for 
claiming  that  the  pressure  will  be  applied  at  one-third  the  height 
any  more  than  at  the  center  of  the  height.  Since  earth  is 
neither  a  liquid  nor  a  solid,  it  is  quite  probable  that  the  true 
point  of  application  of  the  resultant  pressure  is  somewhere 
between  these  two  extremes,  and  experiments  tend  to  show 
some  basis  for  this  belief.  V, 

The  results  by  the  different  earth-pressure  theories  differ  con- 
siderably and  this  difference  is  due  principally  to  the  different 
assumptions  as  to  the  direction  of  the  resultant  earth  pressure. 
For  a  level  earth  surface  and  a  verti- 
cal back  to  the  retaining  wall  (the 
common  case)  the  ordinary  theories 
do  not  differ  greatly  and  it  is  gener- 
ally conceded  that  all  give  results  that 
are  considerably  on  the  safe  side. 
But  if  the  theories  are  applied  to 
other  than  common  cases,  inconsis- 
tencies crop  out  first  in  one  theory 
and  then  in  another,  which  shows  that 
the  underlying  assumptions  are  incon- 
sistent. In  fact,  most  of  the  theories 
Me  at  variance  with  experiments  and 
experience,  and  they  all  contain  logical  contradictions. 

A  working  knowledge  of  Rankine's  Theory  will  be  given  and, 
ance  this  theory  considers  both  active  and  passive  earth  pressiu'es, 
aa  explanation  of  what  is  meant  by  these  terms  may  serve  to 
©ve  the  student  a  better  grasp  of  the  subject.  With  a  fluid 
Itte  water,  the  resultant  pressure  on  any  plane  is  normal  to  that 
ihae  due  to  a  lack  of  friction  between  the  particles.  With  a 
ttftB  of  granular  material,  on  the  other  hand,  friction  does 
•Srt  between  the  particles  and  the  resultant  pressure  may  make 
ijl  angle  with  the  normal  less  than  or  equal  to  the  angle  of 
tomal  friction,  and  hence  its  magnitude  consistent  with 
Hlflibrium  may  vary  considerably.  In  Fig.  5  let  rs  represent 
li  earth  surface,  and  let  the  mass  of  earth  be  divided  by  the 
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plane  ab;  also  consider  the  left-hand  portion  removed.  Now, 
if  the  total  pressure  on  ah  before  the  earth  mass  was  divided 
be  designated  by  P,  this  force  if  applied  to  ab  at  the  center  of 
pressure  will  clearly  hold  the  earth  to  the  right  of  a6  in  equilibrium. 
Let  W  equal  the  weight  of  a  prism  such  as  abc.  It  is  evident 
that  the  pressure  on  the  plane  be  will  be  iJ,  the  resultant  of  P 
and  W,  and  the  angle  P  which  it  makes  with  the  normal  to  be 
must  be  less  than  the  angle  of  internal  friction  if  the  earth  does 
not  slide  on  6c.  This  must  be  true  for  any  plane  be  passing 
through  6,  and  there  will  be  one  of  these  planes  on  which  the 
tendency  to  slide  will  be  the  greatest — that  is,  on  the  plane  of 
rupture — which  will  require  the  largest  value  of  P  in  order  that 
B  may  just  equal  the  angle  of  internal  friction.  This  is  the 
minimum  value  of  P  which  will  hold  the  earth  in  equilibrium, 
and  it  is  the  pressure  which  any  retaining  wall  with  back  ab 
must  be  capable  of  resisting.  This  pressure  is  called  the  active 
earth  pressure,  because  the  earth  is  active  in  pressing  against 
the  wall,  and  the  wall  simply  prevents  the  earth  from  sliding 
down.  If  now  P  is  increased  in  any  way,  as  by  letting  an  arch 
abut  against  the  wall,  the  angle  /?  will  be  reduced  and,  if  the 
magnitude  of  P  is  increased  sufficiently,  this  angle  will  become 
negative.  When  the  value  of  P  is  such  that  the  resultant  pressure 
on  some  plane  be  makes  an  angle  above  the  normal  equal  to  the 
angle  of  internal  friction,  the  earth  is  on  the  point  of  sliding 
upward.  This  will  occur  on  the  plane  having  the  greatest 
tendency  to  slide;  that  is,  it  will  occur  on  the  plane  requiring 
the  smallest  value  P  in  order  to  cause  the  resultant  to  make, 
the  limiting  angle  with  the  normal  to  be.  This  value  of  P  is 
called  the  passive  earth  pressiu'e  because  there  is  an  active  force 
existing  to  force  the  earth  up,  instead  of  passively  resisting  its 
tendency  to  slide  down.  In  the  case  of  a  retainmg  wall  we 
usually  need  to  deal  only  with  active  earth  pressiu-e,  but  in 
some  cases  passive  earth  pressure  must  be  considered. 

3.  Rankine's  Earth-pressure  Theory. — Rankine's  Theory  is 
based  upon  the  principles  governing  the  distribution  of  stress  in 
a  rigid  body.  It  is  assumed  that  the  filling  consists  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cohesion;  that 
the  mass  is  of  indefinite  extent;  that  the  upper  surface  is  a  plane; 
and  that  on  no  plane  passing  through  a  dven  point  does  the  ob- 
liquity of  stress  exceed  the  angle  of  ir.i' riial  friction,  while  on 
one  plane  it  just  equals  it. 
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The  general  formulas  evolved  by  Mr.  Rankine  from  the  as- 
sumptions given  above  apply  to  both  gravity  walls  and  reinforced 
walls. 

Let  P  =  resultant  earth  pressure  in  pounds  on  a  vertical  siuiace 
for  a  length  of  wall  equal  to  1  ft.,  Fig.  6. 
A  =  total  height  of  surface  in  feet, 
to = weight  of  earth  per  cubic  foot, 
d wangle  of  inclination  of  earth  behind  the  wall. 
0= angle  of  internal  friction  of  the  earth. 


Then 


P=i  wh^  cos^ 


cos  ^-f\/cos*  /?— cos*  <l> 


cos  5  ±\/cOS*  5  — COS*  (f> 

In  this  equation  the  negative  sign  in  the  numerator  should  be 
used  with  the  positive  sign  in  the  denominator  to  give  the  active 
pressure.    For  passive  pressure  the  signs  should  be  reversed. 


Fig.  6. 


The  pressure  is  assumed  to  act  parallel  to  the  slope  of  the  sur- 
face of  the  earth,  and  for  walls  with  no  load  upon  the  filling  it 
acts  at  one-third  the  height  of  the  wall  from  the  base. 
When  the  earth  surface  is  horizontal/ we  have 

^         l±sm0 
and  the  pressure  is  horizontal. 
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The  general  expression  for  P  which  will  apply  to  both  cases 
is  as  follows: 

P=^wh*C 

in  which  C  is  a  coeflScient. 

The  above  formulas  enable  us  to  find  the  pressure  on  a  vertical 
plane.  If  the  back  of  the  retaining  wall  is  not  vertical,  as  AB^ 
Fig.  7,  it  is  necessary  to  compute  the  pressure  on  the  vertical 
plane  BY  passing  through  the  back  corner  of  the  wall  and  com- 
bine this  pressure  with  the  weight  of  the  prism  of  earth  ABV 
(see  Fig.  7). 

The  weight  of  earth  and  the  angle  of  internal  friction  of  earth 
to  be  used  as  filling  should  be  known  as  accurately  as  possible 
when  employing  the  above  formulas.  Taylor  and  Thompson 
give  the  following  weights  per  cubic  foot  of  dry  material  before 
excavation.  As  fills  will  eventually  assume  much  the  same 
character  as  earth  in  original  excavation,  the  figures  may  be 
employed  for  either  natural  earth  or  filled  material. 


WEIGHTS  PER  CUBIC  FOOT  OF  DRY  MATERIAL  BEFORE  EXCA- 
VATION 

Sand 105 

Gravel 135 

Gravelly  clay 130 

Loam 90 

Hard  pan 130 

Dry  muck 40 


Wet  material  in  original  excavation  may  weigh  considerably 
more  than  dry.  Gravel  containing  ordinary  moisture  weighs 
only  about  2  per  cent  more  than  dry  gravel,  but  wet  sand  if 
very  fine  may  weigh  as  much  as  10  per  cent  more  than  dry  sand. 
If  a  soil  is  not  adequately  drained,  it  will  become  saturated  with 
water  and  in  this  condition  its  weight  may  be  20  to  50  per  cent 
greater  than  in  a  dry  condition,  depending  upoh  the  character 
of  the  material. 

The  following  table  gives  various  values  of  1  he 'angle  of  in- 
ternal friction: 
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COEFFICIENTS  OF  INTERNAL  FRICTION » 


Kind  of  material 


Tangent  of 
angle  of 
internal 
friction 


Approximate 
corresponding 

Angle    '      Slope 


Authority 


Coal,  shingle,  ballast,  etc  . .  1 .  423  54°  0. 7  to  1  Baker 

Bank  sand 1.423  64°  0.7  to  1  Goodrich 

Riprap 1.097  48°  ,    0.9  to  1  Goodrich 

Earth 1.097  48°  0.9  to  1   ,  Baker 

Quicksand,  100-up 0 .  895  42°  1 . 1  to  1  Goodrich 

Clay 0.895  42°  I     l.ltol  Baker 

Quicksand,  50-100 0 .  750  37°  1 . 3  to  1  Goodrich 

Earth 0.750  37°  1.3  to  1  Steel 

Bank  sand 0.750  37°  i     1.3  to  1  Wilson 

Sand,50-100 0.549  29°  1.8  to  1  Goodrich 

Bank  sand 0.549  29°  1.8  to  1  Goodrich 

Clay 0.474  25**  2.1  to  1  Goodrich 

Cinders 0.474  25°  |    2. 1  to  1  Goodrich 

Gravel,  Hn 0.474  25°  2 . 1  to  1  Goodrich 

Gravel,  Hn. 0.350  19°  '    2.9  to  1  Goodrich 

Bank  sand. . , 0.350      '      19°  2.9  to  1  Goodrich 

Sand,  30-50 0.258  14°  3.9  to  1  Goodrich 

Sand,  20-30 0. 179  10°  5.6  to  1   i  Goodrich 


Illustrative  Problem. — Determine  the  active  earth  pressure  on  the  sur- 
face AB  of  the  wall  shown  in  Fig.  8.  Assume  weight  of  earth  =  100  lb.  per 
cubic  foot  and  the  weight  of  the  masonry  =  150  lb.  per  cubic  foot.  Assume 
^=35° 

COB  ^  =  0.866  cos*  ^  =  0.750 

cos  ^  =  0.819  cos*  ^  =  0.671 

Vcos*  ^  -  cos*  >  =  0.281 
hvh*  cos  ^  =  §(100)(22.31)*(0.866)  =21,550 

r>       t      ,•  oCOS  ^+\/cOS*  /?-C08*(i 

P^lwh^  cos^       ^  ,     / 

cos  t/  ±  V  cos*  0  —  cos*  <t> 

This  pressure  P  acts  on  the  vertical  plane  BV  and  is  parallel  to  the  earth 
surface.  To  determine  the  pressure  on  AB,  the  force  P  should  be  combined 
with  the  weight  of  the  prism  ABV.  Since  the  resultant  pressure  on  BV 
acts  aa  i  BV  above  ^e  base  of  wall,  the  resultant  of  this  and  the  weight 
of  the  prism  intersect  at  the  wall  surface. 

The  weight  of  prism  ^5^^(100)(4)(22.31)  ^^^^^  lb. 


*E.  P.  Goodrich,  Trans.  Amer.  Soc.  of  C.  E.,  vol.  53,  p.  301. 
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The  horuontal  and  vertical  components  of  the  force  of  11,000  lb.  are 
9530  lb.  and  5600  lb.  respectively;  hence  the  H  and  V  components  of  the 
resultant  pressure  on  AB  are  as  indicated  in  Fig.  9. 


When  the  earth  behind  a  wall  is  loaded  in  any  way — ^for  ex- 
ample, when  the  embankment  is  used  as  a  storage  of  material 
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or  when  a  railroad  track  runs  along  the  wall — ^the  additional 
pressure  may  be  provided  for  by  replacing  the  load  by  an  equiva- 
lent surcharge  of  earth.  The  height  of  this  surcharge  may  be 
determined  by  dividing  the  extra  load  per  square  foot  by  the 
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weight  of  a  cubic  foot  of  earth.  This  height  is  shown  in  Figs.  10 
and  11  as  hi.  Let  h+hi=H.  Then  the  resultant  pressure  on  a 
vertical  plane  for  a  wall  with  height  H  will  be 


and  the  resultant  pressure  for  a  wall  with  height  hi  will  be 

Pi=^h\C 

The  pressure  on  the  vertical  wall  ^B  is  the  difference  of  these, 

or  P=Pi-Pi  =  ^w{H*-h*i)C 

=  J«)A(A+2Ai)C 
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and  the  distance  of  the  point  of  application  of  this  force  from  the 
base  of  wall 

_  h^+dhhi 

P  acts  through  the  center  of  gravity  of  ABDE. 

For  a  wall  with  an  inclined  back  and  with  a  load  on  the  filling, 
the  pressure  (as  in  the  case  of  a  wall  with  inclined  back  without 
any  additional  loading)  is  the  resultant  of  P  and  the  weight  of 
the  prism  of  earth  1  ft.  in  length,  the  cross-section  of  which  is  a 
trapezoid — for  example,  ABFG,  Fig.  12. 

^\  4.  Objections  to  Earth  Pressure  Theories. — The  theoretical 
formulas  for  earth  pressure  are  considered  by  many  engineers 
as  of  little  value  in  designing  retaining  walls  except,  perhaps, 
in  special  cases.  The  problem  of  the  retaining  wall  does  not 
admit  of  an  exact  mathematical  solution  and,  since  something 
must  be  assumed  in  any  case,  these  engineers  would  rather 
assume  the  thickness  at  the  start  than  derive  this  thickness  from 
equations  based  upon  a  number  of  uncertain  assumptions.  It 
is  pointed  out,  for  example,  that  all  formulas  for  earth  pressure 
assume  that  the  material  to  be  supported  is  clean,  diy  sand — a 
material  that  is  seldom  found  in  practice — ^while  it  is  known 
that  all  other  soils  possess  considerable  cohesion  and  that  they 
arc  subject  to  extensive  variation  due  to  moisture,  frost,  shock, 
etc.,  which  cannot  be  included  in  any  foimula.  Another  argu- 
ment for  abandoning  earth-pressure  formulas  is  shown  in  the 
number  of  wall  failures  which  have  occurred  after  the  walls 
had  stood  many  years  with  seeming  stability. 

6.  Methods  of  Determining  Stability  of  Reinforced-concrete 
Walls. — The  stability  of  a  reinforced-concrete  wall  as  regards 
overturning  may  be  determined  in  either  of  two  ways,  namely: 

(1)  by  using  a  theoretical  formula  for  the  thrust  of  the  earth;  or 

(2)  by  making  the  stability  against  rotation  equal  to  that  of  a 
gravity  wall  that  is  known  to  be  safe.  For  reasons  already  given, 
the  results  from  the  first  method  may  be  very  misleading  unless 
carefully  controlled  by  the  results  of  experience,  while  the 
second  method  is  probably  the  more  satisfactory  when  a  gravity 
wall  has  been  known  to  be  safe  under  exactly  the  same  conditions 
as  proposed  for  the  reinforced  wall  In  the  second  method 
the  overturning  resistance  of  the  lightest  gravity  wall  which 
experience  has  shown  to  be  safe  under  the  given  conditions  may 
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be  considered  the  maximum  overturning  moment  of  the  earth, 
and  the  reinforced-concrete  wall  may  be  designed  to  have  an 
equal  stability. 

A  reinforced-concrete  retaining  waU  must  have  stability 
against  sliding  as  well  as  against  overturning.  There  is  very  little 
danger  from  sliding  in  gravity  walls  but,  in  the  case  of  the 
reinforced  type,  the  wall  is  often  so  light  that,  unless  vertical 
projections  of  the  base  are  employed,  there  is  a  lack  of  frictional 
resistance  to  withstand  the  horizontal  component  of  the  re- 
sultant pressure  on  the  foundation.  The  resistance  offered  by 
the  soil  in  front  of  the  wall  increases  the  stability  against  sliding, 
but  this  amount  is  usually  disregarded  as  a  matter  of  safety. 
The  friction  along  the  bottom  of  the  wall  is  equal  to  the  vertical 
pressure  multiplied  by  the  coefficient  of  friction  of  concrete  on 
earth.  The  following  values  for  the  coefficient  of  friction  may 
be  safely  employed: 


COEFFICIENTS   OF   FRICTION   OF   CONCRETE   ON 
FOUNDATION  MATERIALS 

Dry  clay * 0.50 

Wet  or  moist  clay 0. 33 

Sand 0.40 

Gravel 0.60 

Wood  (with  the  grain) 0.60 

Wood  (across  the  grain) 0. 50 


For  clayey  soil  it  is  best  to  use  the  value  given  for  wet  clay, 
unless  it  is  reasonably  certain  that  water  cannot  reach  the  bottom 
of  the  footing. 

As  with  all  othei  structures,  a  retaining  wall  should  be  de- 
signed so  that  the  maximum  pressure  on  the  soil  is  within  the 
allowable.  This  is  a  much  more  simple  matter  with  reinforced 
walls  than  with  the  heavy  walls  of  giavity  section.  There  is  no 
likelihood  that  the  concrete  will  fail  by  crushing,  but  an  adequate 
consideration  of  the  maximum  pressure  on  the  soil  under  the 
foundation  should  not  be  neglected  on  this  account.  The  safe 
bearing  capacity  of  soils  is  given  approximately  in  the  following 
table: 
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SAFE   BEARING   CAPACITY  OF  SOILS   IN  SHORT  TONS   PER 

SQUARE  FOOT 

Kind  of  material 


Rock,  the  liardRSt,  in  thick  layers  in  native  bed^ 

Rock  equal  to  beet  ashlar  masonry 

Rock  equal  to  beet  brick  masonry 

Rock  equal  to  poor  brick  masonry 

Clay  in  thick  beds,  always  dry 

Clay  in  thick  beds,  moderately  dry 

Clay,  soft 

Gravel  and  coarse  sand,  well  cemented 

Sand,  dry,  compact  and  well  cemented 

Sand,  clean,  dry 

Quicksand,  alluvial  soils,  etc 


Minimum 

Maximum 

200 

25 

30 

15 

20 

5 

10 

6 

8 

4 

6 

1 

2 

8 

10 

4 

6 

2 

4 

0.5 

1 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight 
of  a  filling  having  an  angle  of  internal  friction  which  will  just 


I  r 
a 


FiQ.  13. 


Fio.  14. 


cause  failure  to  the  actual  weignt  of  the  filling.  There  are  two 
factors  to  be  considered,  up n^ly:  (1)  for  overturning;  .and  (2) 
for  sliding. 

In  Fig.  13,  let  P  be  the  resultant  pressure  of  the  earth,  and  let 
W  be  the  weight  of  the  wall.  Then  06  will  be  the  resultant 
pressure  JB  tending  to  overturn  the  wall.  Draw  Oa  through  the 
point  B.  For  the  resultant  to  pass  through  B,  the  wall  would 
be  on  the  point  of  overturning,  and  the  factor  of  safety  again  • 
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overturning  would  be  unity.    Denote  the  factor  of  safety  for 
the  resultant  pressure  06  as  for-    Then 

In  Fig.  14  construct  the  angle  nOr  equal  to  0',  the  angle  of 
friction  of  the  masonry  on  the  foundation.  Now  if  R  should 
pass  through  m,  and  take  the  direction  Or,  the  wall  would  be  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding  would 
be  unity.  Denote  the  factor  of  safety  for  the  resultant  pressure 
06  as  fsL'    Then 

rs 


fsL  — 


bn 


6.  Walls  of  Gravity  Section. — ^Trautwine's  "Civil  Engineer's 
Pocket-book"  gives  a  table  of  empirical  values  which  may  be 
used  in  designing  retaining  walls  of  gravity  section  for  average 
conditions.  The  values  were  obtained  from  a  set  of  experiments 
on  small  wooden  models  and  have  been  used  with  good  results 
in  engineering  practice.  There  are  no  values  given  for  plain 
conciete  walls  but  they  may  safely  be  assumed  equivalent  to 
those  of  cut  stone  laid  in  mortar.  In  the  following  table  (taken 
from  the  book  above  mentioned)  for  cut-stone  masonry,  the  earth 
is  assumed  to  slope  up  from  the  top  of  the  wall  till  it  reaches  a 
level  at  the  height  indicated  by  the  ratio  is  the  first  colunm. 


Ratio  of  height 

of  earth  to  height 

of  wall  above 

ground 


Ratio  of  thick- 
ness of  base  to 
total  height  of 


wall  = 


Ratio  of  height 

of  earth  to 
height  of  wall 
above  ground 


Ratio  of  thick- 
ness of  base  to 
total  height  of 

wall  =  . 


1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 


0.35 
0.42 
0.46 
0.49 
0.51 
0.52 
0.54 
0.55 
0.56 


2.0 
2.5 
3.0 

6.0 

14. C 

25.0 

or  more 


0.58 
0.60 
0.62 
0.63 
0.64 
0.65 
0.66 
0.68 


Trautwine  recommends  that  when  the  backing  is  somewhat 
consolidated  in  horizontal  layeis,  each  of  these  thicknesses  may  be 
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reduced,  but  that  no  rule  can  be  given  for  this.  He  also  states 
that  since  sand  and  gravel  have  no  cohesion,  the  full  dimensions 
as  above  should  be  used  with  these  materials,  even  though  the 
backing  be  deposited  in  layers.  A  mixture  of  sand,  or  earth 
with  a  large  proportion  oi  pebbles,  bowlders,  etc.,  will  exert  a 
greater  pressure  against  the  wall  than  the  materials  ordinarily 
used  for  backing;  and  hence  when  such  backing  has  to  be  used, 
the  above  thicknesses  should  be  increased,  say,  about  |  to  J  part. 
The  values  in  the  above  table  apply  especially  when  the 
batter  of  the  face  of  the  retaining  wall  is  limited  (as  is  customary) 
to  1 1  in.  to  the  foot,  and  when  the  back  is 
vertical.  Mr.  Trautwine  says — "After  a 
wall  abcoj  Fig.  15,  with  a  vertical  back  has 
been  proportioned  by  the  above  rule,  it  may 
be  converted  into  one  with  an  offsetted  back, 
as  aino.  This  will  present  greater  resistance 
to  overturning,  and  yet  contain  no  more 
material.  Thus,  through  the  center  t  of  the 
back,  draw  any  line  in;  from  n  draw  ns  verti- 
""77  cal;  divide  is  into  any  even  number  of  equal 
parts  (in  the  figure  there  are  4) ;  and  divide  an 
into  one  more  equal  parts  (in  the  figure  there 
are  5).  From  the  points  of  division  draw  horizontal  and  vertical 
lines,  for  forming  the  offsets,  as  in  the  figure." 

7.  Equivalent  Fluid  Pressure  for  Gravity  Walls. — In  order  to 
make  the  stability  of  a  reinforced-concrete  wall,  as  regards  over- 
turning, equal  to  that  of  a  gravity  wall,  it  will  be  convenient  to 
determine  the  fluid  pressure  under  which  an  equivalent  gravity 
wall  will  be  stable  and  then  apply  this  pressure  to  the  reinforced 
type.  Since  the  magnitude,  point  of  application,  and  line  of 
action  of  fluid  pressure  is  much  more  accurately  known  than 
that  of  earth,  results  by  this  method  are  likely  to  be  in  most 
cases  a  great  deal  nearer  the  truth  than  if  use  is  made  of  the 
theoretical  formulas. 

As  shown  in  Art.  2,  the  total  pressure  on  a  wall  due  to  a  liquid 
is  given  by  the  formula 

The  fluid  pressure  P  and  the  weight  of  wall  Wj  Fig.  4,  cause  a 
force  R  to  act  upon  the  base  of  wall.  The  distiibution  of  pres- 
sure on  the  base  due  to  the  resultant  acting  at  different  points 
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will  be  explained.  Consider  the  base  represented  in  projection 
by  EFf  Fig.  16.  When  JB  acts  at  the  center  of  gravity  0,  the 
intensity  of  pressure  is  uniform  over  the  section  and  is  equal 
to  the  vertical  component  of  R  divided  by  the  area  of  section, 

W 
or  ^  •     If  JB  acts  at  any  other  point,  as  N,  the  force  W  is  equiva- 
lent to  an  equal  TT  at  0  and  a  couple  whose  moment  is  TTxq. 
At  any  point  distant  x  from  0  the  intensity  of  the  pressure  due 


^"1 
<—-x^ >t /,  --> 


f  ■-- X 

Fig.  16. 


to  this  moment  is  (by  the  common  flexure  foimula  for  homo- 

WXqX 


geneous  beams) 


»  in  which  7  is  the  moment  of  inertia  of 


the  section  about  an  axis  through  0  at  right  angles  to  the  plane 

WXoXi 

of  the  paper.     At  the  edges  E  and  F  this  intensity  =       j  —- 
The  intensity  of  pressure  at  edge  E  is 


and  at  edge  F  it  is 


W  ,  WxoXi 


W    WxoXi 
P^  =  A-     I 


(1) 


(2) 


In  gravity  walls  it  is  necessary  to  limit  the  value  of  Xq  in  order 
to  ensure  that  at  no  horizontal  section  near  the  base  will  part  of 
thei  stress  be  tensile  as,  without  the  aid  of  steel,  masonry  can- 
not be  depended  upon  to  resist  tension.  This  limiting  value  of 
Xo  is  found  by  equating  p2  in  the  second  equation  to  zero,  or 

W_W  xoxi 

A  I 

I 


=  0 


Xo  = 


Axi 
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If  t  is  taken  as  the  width  of  the  base  and  I  the  length  at  right 
angles  to  the  plane  of  the  paper,  then 


A=tt,xx  =  |,  /=j2 


and  the  limiting  value  of  x©  = 


W 


=  ^'     As  xo  may  be  on 


{l2){lt)Q 

either  side  of  0,  it  follows  that  the  resultant  thrust  must  fall 
within  the  middle  third  of  the  base  in  order  that  there  may  be 

no  tensile  stress  on  any  section  near  the 

base.     When  Xo  =  c>  the  value  of  the  in- 
o 

/W\ 
tensity  of  stress  varies  from  2l-i  y  at 

the  edge  nearest  the  resultant  to  zero  at 
the  opposite  edge  (Fig.  17). 

In  view  of  the  above,  it  would  seem 
practicable  to  determine  the  fluid  pres- 
sure under  which  a  gravity  wall  will  be  stable  by  considering 
the  resultant  of  all  forces  above  the  base  to  intersect  the  base  at 
the  outer  edge  of  the  middle  third.  If,  then,  the  reinforced 
wall  is  designed  so  that  it  will  be  equally  stable,  the  two  walls 
will  be  practically  equivalent. 


P^i^h^ 


^f^i 


JF 

i          ^ 

1 

■' 

fi.i^/,» 

V 

••-> 

Form  (a  j 


Form  ( bj 


Fonn{cj 


Calculations  will  now  be  given  for  tlie  three  principal  ^ 
of  gravity  walls  which  are  rejirespnted  in  Fig,   18.     Fi  m 
is  used  for  relatively  low  walls.  ■-^_ 

Form  (a).     The  batter  of  th^  front  t'nro  will  l>e  taken^i 


lUr 
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per  foot,  or  1 :  12.  The  weight  of  the  masonry  will  be  assumed 
at  150  lb.  per  cubic  foot.  Let  P  denote  the  resultant  fluid  pres- 
sure per  linear  foot  of  wall  acting  at  a  distance  ^h  above  the  base. 
Let  w  denote  the  weight  per  cubic  foot  of  such  fluid.  Then 
P=^wh^.  Let  TTi  denote  the  weight  of  masonry  per  linear  foot. 
Assume  that  the  resultant  of  P  and  Wi  intersects  the  base 
at  the  edge  of  the  middle  third.  Then,  equating  moments 
about  this  point,  we  have 


or 


w 


=  1^0(['+lU-144) 


(3) 


Foim  (b).     Taking  moments  as  before  about  the  edge  of  the 
middle  third 


w=150 


h^ 


(4) 


Form  (c).  The  weight  of  the  earth  will  be  assumed  at  100  lb. 
per  cubic  foot.  The  batter  of  the  front  face  will  be  taken  at 
1 :  12  and  the  top  width  at  one-sixth  of  the  bottom  width.  It 
will  be  assumed  that  the  fluid  pressure  acts  against  a  vertical 
plane  AB  and  the  stability  of  volume  to  the  left  of  this  plane, 
including  the  weight  of  the  earth,  needs  to  be  considered. 
Equating  moments  as  before, 

73^2    .    5t 


U7=150 


10Sh^'^54h 


216/ 


(5) 


To  show  the  relative  stability  of  the  three  forms,  the  following 

values  have  been  determined  for  w,  or  equivalent  fluid  weight, 

*  t 

by  substituting  various  values  of  ,  in  the  above  equations : 

i 
h 


w 


Form  (a) 


Form  (b) 


Form  (c) 


4 
ID 


4 


4 


.19.8 

.28.0 

.42.7 

.16.7 

.24.0 

.37.5 

15.2 

21.1 

31.6 
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It  should  be  noted  that  the  fluid  pressures  as  above  determmed 
are  not  necessarily  the  actual  earth  pressures,  but  may  be  used 
in  the  design  of  reinforced-concrete  walls  to  secure  stability 
practically  equivalent  to  corresponding  walls  of  gravity  section. 
The  formulas  derived  may  be  used  for  all  the  usual  or  more 
common  types  of  retaining  walls  since  considerable  variation  in 
dimensions  produces  only  a  slight  effect  on  the  resultant  fluid 
pressure.  A  fluid  weight  of  25  lb.  per  square  foot  may  be  taken 
as  a  basis  of  design  under  average  conditions. 


CHAPTER  II 
DESIGN 

8.  Principal  Types  of  Reinforced-concrete  Walls. — There 
are  two  principal  types  of  reinforced-concrete  retaining  walls, 
namely:  (1)  the  cantilever  type;  and  (2)  the  coxmterforted  tyi>e. 
Fig.  19  represents  in  outline  the  usual  or  cantilever  type  which 
is  suitable  for  low  walls.  It  consists  of  a  vertical  stem  AC 
attached  to  a  footing  BD,  The  upright  portion  resists  the  thrust 
of  the  earth  by  virtue  of  its  strength  as  a  cantilever  beam,  and 
the  parts  BK  and  CD  act  in  a  like  manner.  For  larger  walls 
the  counterforted  type  is  employed,  the  part  AC  being  tied  to 
CD  at  intervals  by  back  walls  ACD  in 

the  form  of  narrow  transverse  walls  with 
tension  reinforcement  called  counter- 
forte.  Sometimes  the  portion  BK  is 
connected  to  the  vertical  wall  AC  by 
means  of  buttresses. 

In  buildings,  basement  walls  to  retain 
earth  may  consist  of  light  walk  rein- 
forced vertically  from  basement  floor  to 
the  first  floor,  or  reinforced  horizontally  ^ 
from  column  to  column.  Such  walls  are 
designed  as  simply  supported  slabs — the 
reactions  being  taken  by  the  basement 
and   first   floors,    or   by   the   columns. 

These  walls  may  be  reinforced  to  carry  themselves  from  footing 
to  footing,  thus  requiring  no  foundations  of  their  own.  This 
type  of  wall  will  be  treated  under  Buildings  and  will  receive  no 
further  consideration  here. 

9.  General  Method  of  Procedure. — The  general  method  of 
procedure  in  tho  design  of  reinforced-concrete  retaining  walls  is 
very  much  the  same  whether  the  stability  against  rotation  is 
determined  by  using  a  theoretical  formula  for  the  thrust  of  the 
earth,  /tri  whether,  by  employing  an  equivalent  fluid  pressure, 
b>^  stability  is  made  equal  to  that  of  a  gravity  wall  that  is  known 
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to  be  safe.  The  procedure  will  be  outlined  only  for  the  latter 
method  of  determining  stability,  but  what  is  given  below  will 
also  apply  when  the  earth  pressure  formulas  are  used,  except 
that,  where  the  earth  thrust  does  not  act  horizontally,  the 
verti(ial  component  of  the  thrust  must  be  considered  when  de- 
termining the  resultant  pressure  on  the  base  of  wall.  A  design 
of  a  retaining  wall  using  Rankine's  formula  for  earth  pressure 
will  be  given  later.  This  will  be  done  so  as  to  leave  no  doubt 
in  the  mind  of  the  student  as  to  the  method  to  be  followed  in 
such  cases. 

An  investigation  of  the  two  types  of  reinforced-concrete  re- 
taining walls  shows  that  a  minimum  amount  of  material  is  re- 
quired when  the  middle-third  point  is  approximately  under  the 
center  of  the  vertical  wall — namely,  at  T,  Fig.  19.  This  mini- 
mum, however,  does  not  show  a  great  saving  over  the  material 

required  with  lengths  of  BT  other  than  «•    An    investigation 

also  shows  that  the  stability  of  the  reinforced  wall  for  a  given 

value  of  T  is  about  the  same  as  a  solid  wall  of  form  (c)  (Fig.  18), 

having  the  same  value  of  ,  • 

Investigation  also  shows  that  minimum  soil  pressure  occurs 
when  the  stem  -AC  is  in  the  center  of  BD,  and  that  maximum 
pressure  occurs  when  BK  is  zero.  On  the  other  hand,  sliding 
stability  is  found  to  decrease  as  BK  increases. 

From  the  above  facts,  it  appears  the  best  plan,  if  the  position 
of  the  stem  with  respect  to  the  base  is  not  rigidly  fixed,  and  if 

other  conditions  do  not  control,  to  start  a  design  with  a  value  v 

for  the  reinforced  wall  identical  to  that  of  a  solid  wall  of  form 
(c),  which  withstands  the  same  fluid  pressure  as  required  for 
the  reinforced  type,  and  to  make  the  distance  BT  about  equal 

to  «•    A  complete  table  for  form  (c)  uf    gravity  walls,  giving 

values  of  w  for  various  values  of  t'    is  converu  nt  if  the  above- 

mentioned  method  of  design  is  followed.  Sucli  *^  taile  is  given 
below,  based  on  a  level  back-fill,  the  values  b.ing  vi-  ri  ^d  from 
equation  (5)  of  Art.  7  in  a  similar  manner  to  th^  •  •  :  t  table 
previously  given.     In  a  wall  with  sloping  back-fill,  (^     >-     what 

greater  trial  value  of  t  should  be  taken  than  is  given  by     bU  — 
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that  is,  of  course,  considering  h  as  the  height  of  masonry^t^  For 

a  loaded  back-fill,  a  trial  value  of  v  may  be  determined  by 

considering  the  height  h  in  the  table  to  include  the  height  of  an 
equivalent  surcharge  of  earth  . 


t 
h 

-       ! 

1 

t 

w 

0.30 
0.35 
0.40 
0.45 

1 

12.6             i 

16.6            , 

21.1 

1            26.1            1 

0.50 
0.55 
0.60 
0.65 

31.6 
37.6 
44.1 
51.2 

After  trial  values  for  the  length  of  base  and  length  of  projec- 
tion BC  are  decided  upon  (generally  after  rough  computations 
are  made  for  stability),  the  thickness  of  footing  should  be 
assumed.  The  forces  to  be  considered  upon  the  three  parts  of 
the  wall — namely,  AC,  BK,  and  CD — should  next  be  deter- 
mined. The  resultant  force  on  the  wall  AC  may  be  taken  as  a 
horizontal  force  equal  to  Pi  =  i  wh^i  and  applied  a  distance  |  hi 
above  the  top  of  footing.  On  any  length  hi  from  the  top  of  wall, 
the  resultant  force  is  likewise  i  wh  '2  and  is  applied  at  a  distance 
f  A2  below  the  top.  The  pressui^e  per  square  foot  at  any  point 
on  the  wall  a  distance  A2  below  the  top  is  equal  to  wh^. 

If  we  let  Wi  denote  the  weight  of  masonry  per  linear  foot  and 
Wt  the  weight  of  earth  per  linear  foot  above  the  floor  CD,  Fig. 
19,  then  the  total  pressure  on  the  base  will  equal  the  total  weight 
Wi+Wi  and  it  will  be  applied  at  a  distance  ^t  from  point  B  if 
the  resultant  of  all  forces  intersects  the  base  as  planned — that 
is,  at  the  outer  edge  of  the  middle  third.  The  average  unit 
Wi+W, 


pressure  ^will  be 


t 


",  and  the  maximum  pressure  at  B  will 


be  twice  this  value.  The  pressure  at  D  will  be  zero.  The  maxi- 
mum unit  pressure  on  the  base  should  be  within  the  safe  bearing 
power  of  the  soil  beneath,  otherwise  the  length  of  the  base  should 
be  increased.  The  length  should  also  be  increased  if  the  tendency 
to  slide  is  too  great  or  if  the  resultant  pressure  on  the  base  does 
not  come  within  the  middle  third. 

When  determining  the  point  of  application  of  the  resultant 
force  on  the  base,  or  when  determining  the  tendency  of  the  wall 
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to  slide,  the  total  fluid  pressure  P  =  ^wh^  (Fig.  19)  should  be 
considered.  If  this  resultant  of  all  forces  intersects  the  base 
within  the  third  point,  the  exact  distribution  of  earth  pressure 
along  the  base  should  be  determined.  Formulas  (1)  and  (2)  of 
Art.  7  give  the  intensity  of  pressure  at  each  end  of  the  base  if 
the  proper  values  are  substituted. 

t  It^ 

and  the  equations  above  mentioned  reduce  to  the  following: 

W/^  ,  6xo 


^^  =  1  V+  t  ) 


^^=  tV-  t) 


6xo\ 
t 


Referring  to  Fig.  20,  it  is  clear  that  a  trapezoid  of  pressure 
acts  upward  against  the  cantilever  BK.  The  center  of  gravity 
of  the  trapezoid  should  be  found  and  the  resultant  applied  at 
that  point.  The  only  downward  force  to  consider  is  the  weight 
of  the  cantilever  itself,  since  the  earth  back  of  the  wall  may  be 


t       t 

'-  eCm^fYs)  (f-s) 

t      '    t 

Fig.  20. 

put  in  place  before  the  outer  footing  is  covered.  In  addition 
to  its  own  dead  weight,  there  are  two  forces  acting  on  CD; 
namely,  the  weight  of  the  earth  W^  above  the  floor  and  the  up- 
ward pressure  against  the  base.  This  latter  pressure  varies  as 
shown  in  Fig.  20. 

The  complete  wall  (inclu^li  ij;  the  counterforts  in  the  counter- 
forted  type)  may  now  le  pr  )]>ortioned.  When  a  radical  change 
is  made  in  the  shape  of  tl*'  footing  from  that  assumed,  good 
judgment  should  be  exe.cisod  as  to  whether  or  not  \\  is  n^^ct  ssary 


A 

DESIGN  25 

to  determine  the  new  intersection  of  the  resultant  pressure  on 
the  base.  Of  course,  the  intersection  should  lie  within  the  middle 
third  for  the  final  design. 

It  is  customary  to  build  retaining  walls  of  plain  concrete  with 
vertical  contraction  joints  40  to  50  ft.  apart,  this  distance  vary- 
ing according  to  the  thickness  of  the  wall.  In  reinforced  walls, 
however,  if  sufficient  reinforcement  (0.2  to  0.4  per  cent)  is 
employed  and  placed  near  the  surface,  contraction  cracks  may 
be  forced  to  take  place  at  such  frequent  intervals  as  to  be  quite 
invisible — at  least  for  considerable  length  of  wall.  There  seems 
to  be  a  difference  of  opinion  as  to  whether  or  not  shrinkage 
joints  are  ever  needed  in  reinforced-concrete  structures.  The 
report  of  the  Joint  Committee  (see  Appendix)  should  be  read  in 
this  connection. 

10.  Required  Thickness  of  Concrete  Covering  for  Steel. — 
Experimental  tests  have  proved  conclusively  that  1^  to  2  in.  of 
well-mixed  concrete,  made  in  ordinary  proportions  and  mixed 
wet,  will  effectively  prevent  the  corrosion  of  steel  under  extra- 
ordinary conditions — conditions  much  more  severe  than  occur 
in  the  ordinary  retaining  wall  or  building.  For  example,  steel 
protected  by  an  inch  or  more  of  sound  concrete  has  been  found 
unaffected  when  subjected  continuously  to  the  action  of  steam, 
air,  and  carbon  dioxide  for  a  period  of  three  weeks.  Unprotected 
pieces  of  steel  exposed  to  the  same  test  "were  found  to  consist 
of  rather  more  rust  than  steel."  Tests  have  been  made  on 
loaded  beams  as  well  as  on  concrete  unstressed,  and  it  has  been 
proved  that  there  is  no  danger  of  rusting  the  steel  through  the 
cracks  formed  in  the  concrete  under  tension,  until  nearly  the 
breaking  point  of  the  steel  is  reached.  No  rust  has  been  found 
even  on  steel  stressed  to  its  elastic  limit. 

Since  we  have  the  knowledge  derived  from  the  tests  above  men- 
tioned, there  would  seem  to  be  no  good  reason  for  allowing  more 
than  li  to  2  in.  as  a  protective  covering  for  the  steel  in  retain- 
ing-wall  design — especially  when  the  wall  is  to  be  well  drained, 
and  the  concrete  operations  well  superintended.  In  the  designs 
which  follow,  this  condition  of  affairs  will  be  assumed.  In  cases 
where  close  inspection  of  the  work  is  not  expected,  a  greater 
depth  of  covering  should  be  provided — say,  2  to  4  in. — dependmg 
on  the  part  of  wall  under  consideration.  Where  steel  is  to  be 
placed  near  the  base  of  footing  2  in.  should  be  considered  the 
minimum  thickness  of  covering  for  the  very  best  soil  conditions. 
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In  designs  where  conditions  are  not  accurately  known,  at  least 
8  in.  should  be  allowed. 

11.  Design  of  Cantilever  Type, — The  design  of  the  cantilever 
type  of  reinforced-concrete  retaining  walls  resolves  itself  into 
the  design  of  three  cantilevers,  each  cantilever  acted  upon  by 
approximately  a  uniformly  varying  load.  This  type  of  rein- 
forced wall  is  not  economical  for  heights  greater  than  about 
20  ft. 


The  notation  which  will  be  employed  is  essentially  that  recom- 
mended by  the  Joint  Committee.     (See  Appendix.) 

[Design  No.  l.|  Design  a  retaining  wall  to  restrain  a  ii»vel 
earth  bank  12  ft.  in  height.  Assume  the  base  of  ^ooting  to  be 
embedded  4  ft. ;  in  other  words,  assume  that  this  «  \  will  pro- 
tect the  foundation  from  the  effects  of  frost.    M.  allow- 
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able  pressure  on  the  soil  is  2  short  tons  per  square  foot.  Coef- 
ficient of  friction  of  concrete  on  earth =0.40  (angle  of  friction 
corresponding,  22**  approximately).  Assume  earth  to  weigh 
100  lb.  per  cubic  foot  and  the  concrete  150  lb.  per  cubic  foot. 
A  2000-lb.  concrete  with  proportions  1:2:4  will  be  employed 
with  the  same  working  stresses  as  recommended  by  the  Joint 
Committee.  Plain  round  rods  of  medium  steel  will  be  as- 
sumed. 

It  will  also  be  assumed  that  the  position  of  the  stem  with 
respect  to  the  base  is  not  rigidly  fixed,  that  Trautwine's  empirical 
rules  have  been  previously  followed  in  plain  concrete  wall  de- 
sign under  similar  conditions  to  those  at  hand,  and  that  these 
rules  have  given  satisfactory  results.    In  Art.  6  we  find  that 

Trautwine  recommends  0.3^'  as  the  ratio  r  for  a  level  backfill 

and  for  a  form  of  wall  designated  as  (a)  in  Fig.  18.    Referring 

to  the  table  in  Art.  7,  a  value  of  ii?=21.9,  say  22,  is  found  to 

t 
correspond  to  the  given  ratio  of  r  for  the  (a)  form  of  wall.    This 

Value  of  w  corresponds  to  a  value  of  r  =  0.41  for  the  (c)  form, 

which  we  have  found  is  a  form  of  gravity  wall  that  we  may  use 
for  comparison  with  the  reinforced  type.  Since  A  =  16  ft.,  t 
will  be  tried  at  (0.41)  (16)  =  6.56  ft.,  say  6i  ft.  (See  Fig.  21.) 
BT  will  be  made  it  or  2  ft.  2  in.  The  thickness  of  the  footing 
cannot  be  determined  in  advance  but  for  the  present  it  will  be 
Qissimied  at  15  in. 

Vertical  Wall. — Assuming  a  15-in.  thickness  for  the  footing 
gives  a  height  of  wall  above  the  top  of  footing  of  14  ft.  9  in.  ^ 
The  total  pressure  on  this  vertical  stem  =  iti?(l4.75)'  =  |(22) 
(14.75)2=2400  Ib^and  is  applied  at  a  distance  i(14.75)  =  4.92  ft/ 
above  the  bottom  of  the  stem.  (See  Fig.  21a.)  Thus  the 
bending  moment  at  the  top  of  the  footing,  M=  (2400)  (4.92) 
(12)  =  141,700 -In.-lb.  From  Table  2  of  Volume  I  for /c= 650 
and  /,=  16,000,  we  obtain  i?:=  107.4.    Then, 

T  ,/^  in.,  the  resulting  thickness  of  vertical  slab  at  the 

b  /      J  n.  plus  li  in.  (as  a  minimum  to  property  imbed 

t     ^'  '  .  \        y   lal  thickness  of  12  in.    Table  2  shows  p= 0.0077;  y 


IS 
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hence,  area  of  steel  a«=  (0.0077) (12) (10.5)  =  0.97  sq.  in.  per 
linear  foot  of  wall.  Table  4  shows  that  f-in.  round  rods  spaced 
5|  in.  on  centers  will  give  the  required  area.  These  rods,  of 
course,  should  be  placed  vertically  along  the  back  of  the 
wall. 

The  bending  moments  in  the  vertical  beam  vary  as  the  cubes 
of  the  distances  below  the  top  while  the  resisting  moments  vary 
as  the  squares  of  the  thickness  of  the  beam.  Thus,  if  a  beam 
should  have  the  required  thickness  at  the  top  of  the  footing  and 
should  taper  uniformly  to  zero  thickness  at  the  top  of  wall, 
it  would  have  more  than  the  required  strength  at  intermediate 
points.  However,  considerable  thickness  is  needed  at  the  top 
to  resist  shocks,  frost,  etc.,  and  for  convenience  in  placing  the 
concrete.  For  simplicity  the  top  thickness  in  this  design  will 
be  taken  as  12  in.,  although  10  in.  may  be  quite  suflScient. 

At  a  point  10  ft.  below  the  top  of  wall,  the  bending  moment  is 

2  (22)(10)»(g^(12)  =  44,000  in.-lb.,  and  at  5  ft.   below  it   i 

1  '5\ 

2  (22)  (5)  2  (^gj(  12)  =  5500  in.-lb.    The  corresponding  values  of 

44  000 
K  are  Wo^no  5^2"^  ^^'^  ^^^  '^•^-    Referring  to  Table  3,  it  will 

be  seen  that  less  than  |  and  I  of  the  reinforcement  used  at  the 
footing  (p= 0.0077)  will  be  sufficient  at  these  points  respectively. 
For  example,  the  p  corresponding  to  /f=33.3  is  0.0023,  while 
i  of  0.0077=0.0026.  Although  the  table  does  not  include  a 
value  for  K  as  low  as  4.2,  it  can  be  readily  shown  that  using  a 

rough  value  for  j  in  the  formula  p=  .  .»   a  value  of  p  will  be 

J  »J 
obtained  which  will  be  considerably  smaller  than  J  of  0.0077  = 

0.0013.  Thus  if  every  third  rod  is  carried  up  to  within  5  ft. 
of  the  top  and  one  out  of  every  six  to  the  top  of  the  w^H,  th** 
vertical  wall  is  sure  to  be  safely  designed. 

Maximum  shear  on  the  vertical  stem  occurs     *       •  i' 

footing  and  equals  2400  lb.    The  corresponding  m 
V  2400  ^^,^ 

^=6id=  (12)(0.874)(10.5)  =^2  lb.  per  squa    ^.n. 

which  may  easily  be  carried  by  the  concrr*'^.  »^'^  th       ^        , 
are  needed. 

Since  bond  stress  varies  as  shear,  the  m  ^'in    ^    '* 
also  occurs  at  the  bottom  of  the  vertical  <i  n  .    .    ^    ' 
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V       2400 _^  ,,  .     , 

u=  y   .,=     ^^ =51  lb.  per  square  inch 

(5  5)  (2.36)  (0.874)  (10.5) 

and  thus  the  bond  stress  is  within  the  allowable. 

Each  vertical  rod  should  have  a  length  sufficient  to  prevent 
pulling  out  and  Table  16  shows  this  length  to  be  50Xf =37J  in. 
(The  Joint  Committee  recommends  a  distance  somewhat 
greater  than  this.  See  report  at  end  of  this  volume.)  Thus, 
the  vertical  rods  must  extend  at  least  about  38  in.  into  the 
footing,  or  be  anchored  in  a  substantial  manner.  The  anchorage 
may  be  provided  by  bent  ends;  by  looping  the  rods  around 
anchor-bars  near  the  bottom  of  the  footing;  or,  when  a  projec- 
tion is  needed  below  the  footing  to  prevent  sliding,  this  projec- 
tion may  be  so  placed  as  to  aid  materially  in  providing  length  of 
grip  for  the  vertical  rods.  Rods  up  to  1  in.  in  size  are  readily 
bent  to  any  desired  angle  and  it  is  common  design  to  obtain  the 
grip  of  the  vertical  rods  by  bending  them  into  the  outer  cantilever 
where  they  may  serve  as  horizontal  reinforcement. 

Longitudinal  rods  should  be  inserted  in  the  vertical  wall  to 
prevent  large  cracks.  Cracking  is  more  liable  to  occur  near  the 
top  and  on  the  outside,  so  these  parts  should  be  the  more  heavily 
reinforced  against  shrinkage  and  temperature  stresses.  About 
0.4  of  1  per  cent  of  horizontal  steel  will  be  employed,  based  on 
the  total  cross-section  of  the  concrete  and  approximately  two- 
thirds  of  this  will  be  placed  on  the  front  wall.  (See  Art.  27  of 
Volume  I.)  The  Joint  Committee  recommends  an  amount  of 
reinforcement  generally  not  less  than  one-third  of  1  per  cent, 

a,  =  (0.004)  (12)  (12)  =  0.58  sq.  in. 

Table  4  shows  a  4-in.  spacing  sufficient  for  ^-in.  round  rods. 
This  average  will  be  maintained  if  the  spacing  be  6  in.  in  front 
and  12  in.  at  the  back  of  the  wall. 

Footing, — Before  the  trial  footing  can  be  investigated  in  order 
to  determine  whether  or  not  it  has  a  length  sufficient  to  give 
satisfactory  stability  to  the  wall,  the  total  pressure  acting  upon 
the  bottom  of  the  footing  should  be  computed — also  the  point  of 
application  of  this  pressure.     Referring  to  Fig.  21,  let 

Wi   denote  weight  of  concrete  represented  by  area  abed. 
Wt   del  ote  weir^ht  of  earth  represented  by  area  cfed, 
Wi^  denote  waght  of  concrete  in  footing. 
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Then, 
TTi  =(14.75)  (150)  =  2210  lb.  ^ 
Wt  =  (3.83)  (14.75)  (100)  =  5650  Ib.*^ 
Tri'=(6.5)(1.25)(150)  =  1220  lb. 

Now  the  distance  from  the  toe  B  to  the  line  of  action  of  the  resul- 
tant vertical  force  W  (considering  the  weight  of  the  earth  above 
the  outer  cantilever  as  negligible)  may  be  found  by  multiplying 
the  distance  from  B  to  the  center  of  gravity  of  each  area  by  the 
respective  weight  and  dividing  the  sum  of  such  moments,  by  the 
sum  of  the  weights.    Thus 

(2210)(2.17)+(5650)(4.59)+(1220)(3.25)     34,710 


r= 


=  3.82  ft. 


2210+5650+1220  9080 

and  Tr=9080  lb.  The  line  of  pressure  drawn  for  P  and  W 
intersects  the  base  practically  at  the  middle  third  point  as 
planned. 

Fig.  21(b)  shows  that  the  factor  of  safety  against  overturning 
(see  Art.  5)  ' 

f     -^^-2S  nrf       -^^'-3.82_ 
JoT-i^—^'<^>oTfoT  -6V""1.65~^*'^ 

A  factor  of  1.5  to  2  may  usually  be  considered  as  ample  for 

reinforced  walls  because  the  stability  of  wall  is  increased  by  the 

resistance  of  earth  to  shear  along  the  line  ef  (Fig.  21)  and  by  the 

passive  pressure  of  the  filling  in  front  of  the  wall  when  this 

earth  is  put  in  place  before  that  behind  the  wall. 

The  average  pressure  per  square  foot  on  the  foundatibn  is 

9080 
^  v^  =  1400  lb.,  and  the  maximum  pressure  at  B  is  twice  this 

value,  or  2800  lb.,  which  is  within  the  allowable.  The  pressure 
at  D  is  zero.  Fig.  21  (c)  shows  the  distribution  of  pressure  through- 
out the  length  of  the  base. 

Fig.   21  (d)    shows   the  factor  of  safety  against  sliding  (see 
Art.  5)  to  be 

r       ^«     1  o        r        (Coeff.  of  frictiojnMF) 

_  (0.4) (9080)  _^ 
2800       ~ 

It  should  be  remembered  that  this  factor  of  sau  '  s  Joes  not  take 
into  account  the  fact  that  resistance  is  oflfo  d  atrninst  slidinir 
nor  the  fact  that  if  the  -vull  -^aiies,  the  eohesioK  ^  t    i  e  eartl  al  »Tii/ 
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the  line  ef  (Fig.  21)  must  be  destroyed.    For  the  above  reasons 
the  wall  will  be  considered  safe  against  a  sliding  failure. 

Inner  Cantilever. — Fig.  21  shows  the  length  of  this  cantilever 
to  be  3.83  ft.  There  are  three  forces  acting — the  upward  pressure 
of  the  soil  and  the  downward  weights  of  the  cantilever  and 
earth  filling.    At  C  the  shear 

y  =  5650+(3.83)(1.25)(150)-^~(3.83) 

=  5650+720-3160  =  3210  lb. 
and  the  moment  at  the  same  section 

M=  [(5650+720)  (^  -  (3160)  (^^)  ]  12 

=  (12,200-4030)  (12)  =98,000  in.-lb. 
and  is  negative. 

The  minimum  depth  to  steel  by  moment  is  (Table  2) 


/     98,000   ^.g. 
Y(l2)a07\4)'"^'''-        • 

This  depth  is  undoubtedly  too  small  to  satisfy  the  bond  stress 
which  is  considered  below. 

The  approximate  depth  to  satisfy  bond  stress  may  always  be 
obtained  by  using  the  average  value  I  for  j.    From  the  formula 

V  /      V 

1*  =  J.   .  ,,>  we  have  d  =  ^  -  •     Taking  J-in  round  rods,  same  size 

as  employed  in  the  vertical  stem,  and  assuming  an  8i-in.  spacing 
(1|  times  the  spacing  of  the  vertical  rods),  we  have  as  the  approxi- 
mate depth  to  satisfy  bond  stress 

^10^ 

(8-'25)(2-36)(80)(i> 

0  442 

If  we  use  d=  13i  in.  (total  depth  15  in.),  then  P  =  /o"o^\7|o~k\  = 

O.0040  and  Table  3  gives  i  =  0.903.     The  resultmg  bond  stress 

^-_  -  -  -      =77  lb.  per  square  mch 

,(g-25)(2-36)(0.903)(13.5) 

which  is  less  than  the  allowable. 

3210  ooiK  •     u 

'^  (12)(0:903)(13.5)  =  ^^  ^^'  ^^'  ^""^'^  "'"^ 

and  no  stirrups  are  necessary.    Rather  than  use  stirrups  which 


^  =  ri2~ =  13i  in. 
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are  troublesome  in  construction,  it  is  better  in  nearly  every  case 
to  increase  the  thickness. 
The  stress  in  the  steel 
M  98,000 


/.=; 


^2=12,400   lb.   per  sq.  in. 


pjbd^     (0.0040)(0.903)(12)(13.5)^ 
and  the  length  of  embedment  necessary  to  prevent  slipping 

/i^(12,400)(f)___. 
4u""     (4)(80)     "^"''^• 

The  stress  in  the  concrete  is  clearly  less  than  the  allowable  since 
the  moment  depends  upon  the  steel. 

It  is  seen  from  the  above  computations  that  bond  is  the 
controlling  element.  Since  bond  varies  as  shear,  a  shear  diagram 
may  be  used  to  determine  how  much  the  footing  may  be  tapered 
toward  the  inner  end.  Fig.  22  is  such  a  diagram,  with  ordinates 
plotted  at  1-ft.  intervals.     The  end  of  the  footing  cantilevers 


.^/^otrat/^ 


should  have  a  minimum  practical  thickness  of  at  least  12  in., 
since  inequalities  in  the  character  of  the  soil  may  increase  the 
unit  pressures  at  some  points.  The  problem,  then,  is  to  deter- 
mine whether  the  footing  may  be  tapered  to  this  thickness  at  the 
end;  if  not,  a  greater  end  depth  must  be  taken.  The  amount  of 
shear  needed  at  each  end  of  the  cantilever  to  cause  u  to  equal  its 
allowable  value  should  next  be  determined,  and  the  ordinates 
representing  these  values  should  be  plotted  to  the  same  scale  as 
the  rest  of  the  diagram.  A  straight  line  joining  the  upper  ends 
of  these  ordinates  represents  the  allowable  shear  throughout  the 
beam  considering  the  amount  of  steel  as  constant. 
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The  ordinates  to  the  allowable  shear  curve  may  be  found  by 

V 
transposmg  the  bond  fonnula  ^=  y   -j  ^^  the  form  V  =  uIojdf 

and  substituting  for  u  its  allowable  value.     Thus  the  ordinate 
at  the  left  in  Fig.  22  is  found,  accurately  enough,  as  follows: 

T^-=  (80)  (3^25)  (2-36)(|)(13.5)  =  3240  lb. 

OtUer  Cantilever. — The  computations  for  the  outer  cantilever 
are  similar  to  those  for  the  inner  cantilever.  Fig.  21  shows  the 
length  of  this  cantilever  to  be  1.7  ft.  Since  the  earth  back  of 
the  wall  may  be  put  in  place  before  the  outer  footing  is  covered, 
the  weight  of  earth  above  this  part  of  the  footing  will  be  neg- 
lected. The  downward  weight  is  that  of  the  cantilever  itself 
and  the  upward  pressure  is  represented  by  the  trapezoid  ghij  in 
Fig.  21(c). 

The  downward  weight  is  (1.26)(1.7)(150)  =319  lb.  with  a  lever 
arm  about  the  front  of  the  vertical  wall  of  0.85  ft. ;  moment  corre- 
spondmg  =  (319)  (0.85)  (12)  =3250  in.-lb.  The  moment  of  the 
upward  forces  about  the  same  section  is 

[(2070)(1.7)  (^2^)  +(730)  (y)  Q  (1.7)]l2  =  44,300  in.-lb. 

The  total  moment 

M  =  44,300-3250  =  41,050  in.-lb. 
Referring  to  Table  2,  the  minimum  depth  to  steel  (for  moment) 
at  the  front  of  the  vertical  wall  should  be 

Jlf  _\    41,050*    __ 

6X"a2)(107.4)"^^^- 
and  the  area  of  steel  a«  =  (0.0077)  (12)  (6.0)  =0.55  sq.  in.  The 
depth  to  satisfy  bond  stress  or  shear  will  undoubtedly  control. 
It  is  conmion  design  to  bend  the  vertical  rods  into  the  horizontal 
to  form  the  reinforcement  of  the  outer  cantilever.  If  all  the 
steel  in  the  vertical  wall  is  used  in  this  way,  we  should  have  0.97 
sq.  in.,  which  is  more  than  sufficient  as  regards  moment. 
^^2800+2070  ^j^)_3jg^332oi^ 

Assuming  J  for  j,  we  have  as  the  approximate  depth  to  satisfy 

bond  stress 

3820  ,,  . 

d=    .       ,      -  =11  m. 

Q^)  (2.36) (80) (I) 
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If  we  use  d  =  13  in.  with  a  total  depth  of  15  in.  (2  in.  protective 
covering  at  the  bottom  of  footing  should  be  considered  a  mini- 

0  97 
mum),  then  p=  .-*,-„.  =0.0062  and  Table  3  shows  j  =  0.884. 
(LZ){io) 

The  resulting  bond  stress 

3820  ^^»  .     , 

u  =  -  -  ty— =  65  lb.  per  square  mch 


(g^)  (2.36)  (0.884)  (13) 


which  is  satisfactory.     Th6  stress  in  the  steel 
M    _  41,060 

■  p;6d«""  (0.0()62)(0.884)(12)(13) 


/•  =  JJ^^2=/n  nhAo^m^flfiZVno^nQ^2-3700  lb.  per  square  inch 


and  the  length  of  embedment  necessary  to  prevent  slipping 
ft     (3700)  (D^Q. 
4u"   (4)(80)       ^'^• 
This  distance  can  be  easily  secured. 

The  maximum  unit  shear  involving  diagonal  tension 

=  28  lb.  per  square  mch 


t;= , 


(12)(0.884)(13) 
and  no  stirrups  are  needed. 

Plate  I  gives  the  complete  design  of  wall.     The  footii 
poured  first  and,  after  this  becomes  hard,  the  forms  are  er- 
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for  the  vertical  wall.  A  2-in.  by  4-in.  notch  should  be  made  in 
the  footing,  as  shown  in  Plate  I,  so  that  in  case  there  is  no  bond 
between  the  vertical  wall  and  the  footing,  the  direct  shear  may 
be  properly  provided  for.  Rough  computations,  using  one-half 
the  allowable  compressive  strength  of  the  concrete  as  the  allow- 
able stress  in  direct  shear,  show  that  the  notch  is  more  than 
ample  even  when  friction  and  the  bearing  value  of  the  rods  are 
disregarded. 

Problem 
1.  A  cantilever  reinforced-concrete  retaining  wall  is  to  be  designed  to  have 
the  same  stability  as  the  standard  plain-concrete  wall  of  the  New  York 
Central  and  Hudson  River  Railroad,  shown  in  Fig.  23.  Take  16  ft.  as 
the  height  of  wall  above  ground  and  design  the  wall  assuming  all  oth^ 
data  (except  w)  the  same  as  in  the  preceding  example.     Make  the  ends 


cenftr  of 
gravrfy  of  .. 
area 


center  o^  ^rar/ty 
of  area . 


< b  - -J 


Fig.  24. 


of  the  three  cantilevers  12  in.  in  thickness  and  design  the  wall  proper 
with  a  vertical  front  face  and  with  a  uniform  batter  at  the  back.  Assume 
the  trial  thickness  of  base  at  18  in.  In  the  design  of  the  reinforced  wall 
a  fluid  should  be  considered  which  weighs  the  next  larger  whole  number 
of  pounds  than  that  obtained  from  the  Standard  New  York  Central 
wall.  In  finding  weights  and  centers  of  gravity  in  Fig.  23  work  about  a 
vertical  plane  passing  through  the  rear  end  of  footing.  Submit  all 
computations,  also  the  completed  design  neatly  drawn  in  ink. 


Note. — It  is  convenient  in  retaining  wall  design  to  have  the  following 
formulas  at  hand: 

x.,.mFig.24=    3^^-:^^^)- 

.    T..     ^r      c   2a+6 
Xc...inFig.25=3.  ^^^ 
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[Design  No.  2.|  Using  Rankine's  formula  for  earth  pressure, 
design  a  retaining  wall  to  be  15  ft.  high  above  the  ground  and 
to  support  an  earth  bank  whose  surface  has  an  upward  30** 
slope  from  the  top  of  wall.  Consider  the  safe  bearing  power  of 
the  soil  at  3  short  tons  per  square  foot.  Angle  of  internal 
friction  of  the  earth  filling  is  35**.  Coefficient  of  friction  of  the 
concrete  upon  the  earth  foundation  is  0.40.  The  earth  filling 
weighs  100  lb.  per  cubic  foot  and  the  concrete  150  lb.  per  cubic 
foot.  A  1 : 2^:5  concrete  is  to  be  employed  with /c  =  500  lb., 
/,  =  16,000,  w  =  80,  and  t;  =  30  lb.  per  square  inch;  also  n  =  15. 
Some  type  of  round  deformed  bar  will  be  assumed  in  order  to 
allow  80  lb.  per  square  inch  in  bond. 

It  will  also  be  assumed  th^at  the  foundation  is  to  be  3  ft.  below 
the  ground  surface  and  that  the  face  of  the  wall  is  to  be  brought 
as  close  as  possible  to  a  given  property  line. 

The  length  of  the  base  will  be  tried  at  9  ft.  8  in.  and  the  thick- 
ness of  the  footing  will  be  assumed  at  30  in. 

Vertical  Wall, — The  height  of  the  vertica^  wall  assuming  a 
30-in.  footing  is  15i  ft.  (See  Fig.  26.)  Referrmg  to  Art.  3  we 
find  that  the  total  pressure  on  the  vertical  stem 

P.  =  K100)  (15.5)^0.866)  J;«^^2\«Jv 

=  5310  lb. 
Ifi=PiCos30°  =  46001b. 

Thus  the  bending  moment  on  the  vertical  wall  at  the  top  of  the 
footing 

M  =  (4600)  (5. 17)  =  23,780  ft.-lb. 

From  Diagram  1  of  Volume  I  for  fc  =  500  and  /« =  16,000,  we 

obtain  i5:  =  71.     Then 


,       /23,780 


18.3  in.,  say  18^  in. 


total  depth  20  in.  The  effective  depth  may,  with  sufficient 
accuracy,  be  taken  equal  to  the  horizontal  depth  to  steel.  Dia- 
gram 1  shows  J?  =  0.0050;  hence,  area  of  steel  a,  =  (0.0050) (12) 
(18.5)  =  1.11  sq.  in.  per  linear  foot  of  wall.  Diagram  3  shows 
f-in.  round  rods  spaced  4|  in.  on  centers  will  give  an  area  of  1.18 
sq,  in.     The  wall  will  be  tapered  to  12  in.  at  the  top. 
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4 

At  a  point  10  ft.  below  the  top  of  wall  the  bending  moment  is 
88,400  in.-lb.  and  at  5  ft.  below  it  is  11,000  in.-lb.    The  values 

.  „     , .  ,  ,  88,4T)0         ^^        .       11,000 

of  K  which  correspond  are  (i2)(n  A%y        '  (r2)(i4.68)* 

=  4.3.    Diagram  1  cannot  be  used  to  find  the  corresponding  val- 
ues of  p,  but,  using  0.90  as  a  rough  value  for  j  and  substituting 

in  the  formula  p=  -  .,  we  have  the  values  0.0017  and  0.0003 

respectively.    The  actual  values  of  p,  assuming  one-third  of  the 


total  steel  at  the  10-ft.  point  and  one-sixth  at  the  5-ft.  point, 
are  one-third  of  0.0050=0.0017  and  one-sixth  of  0.0060=0.0008. 
Thus  if  every  third  rod  should  be  carried  up  to  within  5  ft.  of 
the  top  and  one  out  of  every  six  to  the  top  of  the  wall,  the  design 
will  be  safe. 

The  shear  on  the  vertical  stem  is  due  to  the  horizontal  com- 
ponent of  the  earth  pressure  Pi.    The  shear  is  a  maximum  at 
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the  top  of  the  footing,  and  equals  4600  Iby  The  correspondmg 
unit  shear  (j=0-893,Diagram  2) 

4600  _, ,,  .    , 

"=  (T2)(0.893)(r8T6)  =  23  lb.  per  square  inch 

which  may  be  easily  carried  by  the  concrete. 

The  bond  stress 

4600  ....  .    , 

«=     ..^v  "  =  44  lb.  per  square  mch 

(4^g)(2.36)(0.893)(18.5) 

and  is  within  the  allowable. 

Each  vertical  rod  should  either  extend  at  least  50Xi=37§  in. 
into  the  footing  or  be  securely  anchored.  Approximately  the 
same  percentage  of  shrinkage  and  temperature  reinforcement 
will  be  employed  in  the  vertical  stem  as  in  Design  No.  1. 

Footing. — The  resultant  pressure  on  the  base  of  wall  and  the 
point  of  application  of  this  pressure  will  need  to  .be  determined. 
Referring  to  Fig.  26, 

1F,=  ^"^^^"®V5.5)(150)  =  310Q  lb. 

w»r«r,„     (1.0)*+(1.0)(1.67)+(1.67)'        ...^       ./  , 
lever  arm=  3(170+1:67)  =0.68  ft.  y- 

W'i={2.5)  (9.67)  (150)  =  3630  lb. 
lever  arm =4.83  ft..^ 

Tr,=^-^^+^-^(15.5)(100)  =  12,920  lb. 

u™r«r,n    Q  fi7     (8.bo)»+(8.00)(8!  67)+(8:67)»    ,..,,. 
lever  arm= 9.67 g^g  00+8767)  "^  =  5  •  50  ft. 

W't=  (8.67)  }(8.67  tan  30")  (100)  =  2170  lb. 
lever  arm=  1 . 00+  f  (8 .  67)  =  6 .  78  ft. '' 
The  weight  of  the  coping  will  be  neglected. 

^  (3100)  (0 .68) + (3630)  (4 .  ^3) + (12,920)  (5 .  50) + (2170)  (6 .  78) 
*"  3110+3630+12,920+2170 

•_105,421_  " 

-  21,§30-^-*^  . 

and  total  weight  is  21,830  lb. 

The  total  earth  pressure  on  the  plane  ab  should  now  be  com- 
puted, or 

P=  i(100)(23.00)«(0.866)  (J-J^^)  =  HJOO  lb. 
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The  line  of  pressure  drawa  for  P  and  the  resultant  weight  inter- 
sects the  base  3.07  ft.  from  the  toe  c. 
The  factor  of  safety  against  overturning  is  greater  than  4. 

The  factor  of  safety  against  sliding  is      'in  ion     =1-1-    The 

tendency  of  the  wall  to  slide  is  10,130  lb.,  while  the  frictional 
resistance  to  sliding  is  27,680X0.40=11,070  lb.  It  would 
probably  be  wise  to  construct  a  12-in.  projection  on  the  under- 
side of  the  footing,  as  shown  in  Plate  II,  to  increase  the  bearing 

against  the  soil  in  front  of  the 
wall.  This  projection  may  be 
placed  in  the  middle  of  the 
base  or  at  either  end. 

It  should  be  noticed  that  the 
resultant  pressure  on  the  base 
strikes  just  outside  the  middle 
third.  This,  it  should  be  un- 
derstood, is  not  serious  in  a 
reinforced-concrete  wall  when 
the  earth-pressure  theory  is 
used.  However,  for  this  case 
formulas  (1)  and  (2)  of  Art.  7  cannot  be  employed  to  give  the 
intensity  of  pressure  on  the  soil  beneath  the  footing.  Since  the 
resultant  does  not  cut  the  middle  third,  only  a  part  of  the  base 
is  under  pressure.  There  is  what  might  be  considered  a  neutral 
axis,  as  shown  in  Fig.  27.  Two  equations  may  be  determined. 
One  equation  results  from  equating  the  total  pressure  on  the 
foundation  to  W,  and  the  second  .from  equating  the  moment 
of  that  pressure  about  the  gravity  axis  to  Wxo.  From  these 
equations  we  obtain 

2  W 


:ii 


Fig.  27. 


X  =  SXo-2  ^^^  ^^"^3 


In  the  problem  at  hand  Xo=4.83-3.07=  1.76  ft.,  <=9  ft.  8  in. 
and  W'=  27,680  lb.    Substituting, 

x  =  3(1.76)-4.83  =  0.45ft.  andpi  =  g  •  ,^  83-^^76)  =  ^^^^'^* 
This  value  of  pi  is  practically  the  allowable  soil  pressure.    Very 
often  in  a  design  of  this  kind  it  is  more  practicable  to  rest  the 
wall  upon  piles  than  try  to  increase  the  length  of  footing  so  as 
to  bring  the  maximum  soil  pressure  to  a  safe  value. 
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Another  method  of  finding  the  maximum  soil  pressure  when 
the  resultant  strikes  outside  the  middle-third  point  is  as  follows: 
Determine  the  distance  from  the  toe  of  the  wall  to  the  point 
where  the  resultant  cuts  the  base.  This  distance  in  the  case  at 
hand  is  3.07  ft.  Now  since  the  center  of  gravity  of  the  pressure 
triangle  (shown  in  Fig.  26)  is  vertically  below  the  point  where 
the  resultant  intersects  the  base,  the  length  of  the  base  under 
pressure  b  three  times  the  length  determined  above — ^in  this 
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Fig.  28. 


case  9.21  ft.  The  average  pressure  may  now  be  found  by  divid- 
ing the  total  load  by  the  length  of  effective  fease,  and  this  multi- 
plied by  2  gives  the  maximum  pressure,  which  occurs  at  the 

toe    of  the  wall.     In  the  problem  at  hand  pi=      /qoi\       ~ 

6010  lb. 

The  second  method  given  is  much  simpler  than  the  first,  but 
the  first  method  is  general  and  shows  the  manner  of  solving  for 
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pressures  on  foundations  where  the  part  of  the  base  under  pressure 
is  not  of  a  rectangular  shaple. 

When  comparison  is  made  with  a  plain  concrete  wall  by  the 
equivalent  fluid  pressure  method,  the  resultant  pressure  should 
strike  the  base  within  the  middle  third,  otherwise  the  reinforced 
wall  will  not  have  equal  stability  to  the  plain  wall.  This  is  not 
necessary,  however,  when  the  earth  pressure  theory  is  used; 
provided,  of  course,  that  the  pressure  on  the  soil  is  not  greater 
than  the  allowable  and  provided  that  the  wall  has  sufficient 
stability  against  overturning  and  against  sliding. 
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Fig.  29. 


Footing  Cantilever, — Fig.  26  shows  the  length  of  this  canti- 
lever to  be  8.00  ft.  The  forces  acting  on  this  part  of  the  footing 
are  the  upward  pressure  of  the  soil,  the  downward  weight  of  the 
earth  filling,  and  the  vertical  component  of  the  earth  pressure. 

Fig.  29  gives  the  diagrams  for  shear  and  moment  which  may 
be  easily  obtained  if  a  figure  is  first  constiucted  similar  to  Fig. 
28.  In  Fig.  28  the  quantities  shown  are  the  amounts  of  the 
forces  represented  by  the  respective  areas.  The  arrangement  is 
such  that  the  foices  to  consider  in  finding  shear  and  moment 
at  any  given  section  may  be  conveniently  determined.  The 
vertical  component  of  the  earth  pressure  to  be  taken  into  consid- 
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eration  is  the  vertical  component  of  the  pressure  Pz  acting  upon 
the  plane  fg.  The  value  of  Vi  is  shown  at  the  right  of  Fig.  28 
for  convenience. 

It  is  not  necessary  for  the  student  to  construct  the  moment 
diagram,  since  it  is  evident  from  Fig.  29  that  the  footing  is  always 
suflSciently  strong  as  regards  moment  if  it  is  tapered  from  the 
required  depth  at  the  section  de,  Fig.  26,  to  zero  at  the  inner  end. 
However,  this  cannot  be  said  in  regard  to  the  shear  diagram  since 
it  is  important  that  the  variation  of  the  shear  should  be  considered 
in  every  case.  The  shear  is  not  a  maximum  at  the  section  de 
when  the  cantilever  is  of  any  considerable  length  and  much 
error  could  result  if  the  maximum  shear  were  not  determined. 
Fig.  29  illustrates  this. 

The  minimum  depth  to  steel  for  moment  is  (Diagram  1) 

/(52,270)Tl2T 


i 


=  27  in. 


(71)    (12) 

or  a  total  depth  of  29  in. 

a,  =  (0.0050)  (12)  (27)  =  1.62  sq.  in.  per  linear  foot  of  wall. 
The  footing,  however,  will  need  to  be  deepened  at  the  vertical 
stem  to  a  total  depth  of  38  in.  (d=36  in.)  to  provide  for  shear. 
The  effective  depth  may,  with  sufficient  accuracy,  be  taken 
equal  to  the  vertical  depth  to  steel. 
Then 

(52,270)  (12)  __ 
^"    (12)  (36)2    "^^-"^ 

and  Diagram  1  gives  p  =  0.0027. 

a.  =  (0027)  (12)  (36)  =  1.17  sq.  in.  per  linear  foot  of  wall. 
Thus  the  same  size  and  spacing  of  rods  may  be  employed  as  in 
the  vertical  stem.  Fig.  29  shows  that  the  shear  is  satisfactory 
if  a  uniform  taper  is  given  to  the  footing  to  a  depth  of  14  in. 
(12  in.  to  steel)  at  the  end.     (See  Plate  II.) 

The  rods  in  the  footing  should  extend  at  least  37^  in.  to  the 
left  of  the  point  d,  Fig.  26,  in  order  to  obtain  sufficient  grip  on 
the  concrete.  To  the  right  of  d,  it  is  proposed  to  stop  off  every 
other  rod  at  the  half-way  point;  namely,  at  h,  Fig.  26.  This 
arrangement  would  give  sufficient  grip  for  all  rods  in  the  footing. 
Maximum  bond  stress,  how.ever,  should  be  investigated  before 
the  design  is  accepted. 

The  critical  bond  stress  will  occur  at  the  section  hk,  Figs.  26 
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and  29,  since  at  this  section  the  shear  is  a  maximum  and  only 
every  other  rod  can  be  taken  into  consideration. 

7500 


w  = 


(9.0)  ^^'^^^  ^^^  ^^^'^^ 


=  107  lb.  per  square  inch. 


This  stress  is  above  the  allowable  and  all  the  rods  must  be 
carried  through  to  the  end  of  footing. 

The  complete  design  is  shown  in  Plate  II. 

12.  Design  of  Counterforted  Type. — In  a  counterforted  type 
of  wall  the  vertical  slab  is  supported  at  intervals  by  vertical  ribs 
or  coimterforts.  These  counterforts  act  as  cantilevers  and  are 
securely  tied  to  both  the  vertical 
wall  and  the  footing.  The  project- 
ing toe  of  the  footing  is  a  cantilever 
while  the  inner  portion  is  a  slab  sup- 
ported by  the  counterforts. 

Since  the  cost  of  constructing  the 
forms  for  this  type  of  wall  is  greater 
than  that  for  the  cantilever  type, 


*  pfc^ 


■       A  A 

C  C 


results  show  the  counterforted  wall  Cross- section      Elevation 
to  be  the  more  economical  when  the  Fig.  30. 

height  is  greater  than  about  20  ft. 

The  economical  spacing  of  counterforts  should  be  determined  for 
each  case.  In  the  designs  to  follow,  this  spacing  will  arbitrarily 
be  made  8  ft. 

In  designing,  the  curtain  wall  ACy  Fig.  30,  is  usually  considered 
as  made  up  of  a  series  of  horizontal  strips  and  treated  as  slabs 
partly  continuous  and  imifoimly  loaded.  The  pressure  against 
this  wall  changes  with  the  height  so  that  the  pressure  upon  the 
diCFerent  strips  increases  with  the  depth. 

The  footing  slab  marked  CD,  Fig.  30,  may  also  be  considered 
as  composed  of  narrow  strips  uniformly  loaded.  The  loading 
consists  of  the  dead  weight  of  the  slab,  the  downward  weight 
of  the  earth,  and  the  upward  reaction  of  the  soil. 

The  projecting  toe  of  the  footing— namely,  BC — should  be 
treated  in  the  same  manner  as  the  corresponding  part  in  the 
cantilever  type  of  wall.  It  is  sometimes  more  economical  when 
the  projection  is  large  to  introduce  small  buttresses  and  con- 
struct also  this  part  of  the  footing  as  a  partly  continuous  slab. 

The  load  on  the  counterforts  comes  from  the  curtain  wall 
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which  in  turn  takes  the  earth  pressure.  The  thickness  of  counter- 
forts must  be  sufficient  to  insure  rigidity  and  give  necessary 
space  for  the  reinforcing  rods. 


Fig.  31. 


[Design  No.  l.[    Design  a  reinforced-concrete  retaining  wall 
with  counterforts  to  support  a  level  bank  of  earth  and  to  be 
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24  ft.  high  above  the  ground.  Maximum  allowable  pressure 
on  the  base  is  5000  lb.,  or  2i  short  tons  per  square  foot.  Coef- 
ficient of  friction  of  concrete  on  the  earth  foundation  is  0.60. 
The  weight  of  earth  and  concrete,  and  thd  working  stresses  for 
the  concrete,  will  be  taken  the  same  as  in  the  preceding  design. 
Deformed  rods  will  also  be  assumed.  The  equivalent  fluid 
weight  will  be  taken  at  25  lb.  per  cubic  foot.  Counterforts 
will  be  made  16  in.  in  thickness  and  spaced  arbitrarily  8  ft.  on 
centers. 

The  base  of  wall  will  be  placed  4  ft.  below  the  ground  level, 

making  A  =  24+4  =  28  ft.     The  trial  value  of  ,  from  the  table 

of  Art.  9  is  0.44,  so  that  i  =  12  ft.  4  in.'   5C,  Fig.  31,  will  arbi- 
trarily be  made  4  ft.     The  tables  of  Volume  I  will  be  used  in  • 
the  design. 

Vertical  Wall. — The  thickness  of  the  footing  will  be  assumed 
at  30  in.  Then  the  height  of  the  curtain  wall  above  the  top  of 
the  footings  will  be  25i  ft.  The  pressure  at  a  depth  of  25J  ft. 
IB  ti?A  =  (25)  (25.5)  =638  lb.  per  square  foot.  Considering  a 
horizontal  strip  of  the  curtain  wall  at  this  depth  and  employing 

wl^ 
the  formula  Jlf  =  -^  for  a  partly  continuous  slab, 

M=  ^^~^^Qp^' =4080  ft.-lb.  per  foot  of  width.     . 


Then 


d='v/^Y  Q  =7.6  in.,  say  8  in.  (total  thickness  10  in.) 


and 

a.  =  (0.0050)  (12)  (7.6)  =0.46  sq.  in.  per  foot  of  width. 

Round  rods  ^  in.  in  diameter  and  spaced  5  in.  center  to  center 
will  be  sufficient.  In  any  design,  the  vertical  wall  should  have 
a  thickness  of  at  least  8  in.,  as  it  is  difficult  to  properly  place 
concrete  where  the  wall  is  very  thin. 

The  bending  moment  at  the  counterforts  is  negative  and 
nimierically  equal  to  the  positive  moment  at  the  middle  of  the 
span.  The  moment  is  negative  for  about  one-fifth  of  the  span 
on  each  side  of  the  counterforts  and  may  be  provided  for  by 
introducing  short  rods  or  by  bending  the  main  slab  rods  to  the 
inner  edge  at  these  points.  The  first  method  will  be  adopted 
in  this  problem.    The  short  rods  should  have  a  length  on  each 
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side  of  the  counterforts  of  50Xi  =  25  in.  for  straight  bond,  and 
this  length  in  this  ease  is  greater  than  one-fifth  the  span. 

The  thickness  of  the  vertical  wall  as  determined  for  moment 
must  now  be  tested  for  bond  and  for  shear.  From  the  nature 
of  the  loading  and  the  connection  of  the  slab  with  the  footing, 
and  also  from  the  fact  that  the  maximum  bond  and  maximum 
shear  will  occur  only  at  the  bottom  of  the  lowest  strip,  the  span 
of  slab,  as  far  as  shear  and  bond  is  concerned,  will  be  taken  as 
the  clear  distance  between  counterforts.  The  same  span  might 
be  considered  for  moment,  but  moment  does  not  control.  The 
total  shear 

F  =  (638)  (4.00-0.67)  =2130  lb. 

Then,  assuming  the  same  size  and  spacing  of  rods  over  supports 
as  at  the  center  of  span, 

2130  ^^,^  .     ^ 

ti=    -2~  == '^  ^^'  P^^  square  mch 

{  g)  (1.571)  (0.894)  (8) 

which  is  satisfactory.    The  unit  shear 

2130  OK  IK  ■       u 

"=  (12^(0:894)  (8)  =  2^  '^-  P^""  '^"*'^  '"""^ 
which  is  allowable. 

For  ease  in  construction  the  thickness  of  the  curtain  wall  will 
be  made  the  same  throughout  and  the  spacing  of  the  horizontal 
rods  will  be  increased  with  the  decreasing  pressure  toward  the 
top,  as  shown  in  Plate  III.  As  the  temperature  stresses  increase 
toward  the  top,  the  spacing  of  the  rods  for  the  upper  one-half 
of  the  height  will  be  kept  uniform.  At  a  point  one-fourth  the 
height  of  wall  above  the  footing,  the  required  spacing  is  5X7=  6.7 
in.,  and  at  one-half  the  height  it  is  5X2=10  in. 

The  wall  is  fully  reinforced  for  shrinkage  and  temperature 
stresses  in  a  horizontal  direction  by  the  main  reinforcement. 
Round  rods  i  in.  in  diameter  and  spaced  24  in.  center  to  center 
will  be  placed  vertically  to  take  the  temperature  stresses  in  that 
direction  and  also  to  serve  as  stress  distributors. 

Footing, — By  proceeding  as  in  the  previous  designs,  the  re- 
sultant weight  is  found  to  be  28,010  lb.  for  1-ft.  length  of  wall, 
and  acts  at  a  distance  7.52  ft.  from  the  toe  B.  The  difference 
in  weight  between  a  counterfort  and  that  of  an  equal  volume 
of  earth  backing  is  neglected,  as  this  amounts  to  very  little  pres- 
sure on  the  base  assuming  a  reasonable  distribution  along  the 
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length  of  the  wall.  The  resultant  pressure  drawn  for  P  and  W 
cuts  the  base  just  inside  the  middle  third  point.  The  distance 
from  the  toe  B  to  this  intersection  scales  4.26  ft.,  or  analytically, 

^      (9  33)  (9800) 
^t^-*        oQAin       =i-26_ft.    Thus  the  computations  show  a  slightly 

greater  safety  than  the  necessary  conditions  for  our  design. 
The  thickness  and  shape  of  the  footing,  however,  have  not 
yet  been  definitely  determined. 

The  intensity  of  pressure  on  the  soil  at  each  end  of  the  base 
may  be  found  by  uiing  the  formulas 

of  Art.  9.     In  this  design 

Xo  =  1 .91  ft.,  W  =  28,010  lb.,  and  t  =  12.33  ft. 
Substituting, 

28,010/,  ,  6X1. 91\      .ooniu  r    . 

^^"^  12  33  \  "'"   12  33  /  ^^^^^  '"•  P^^  square  foot. 

28,010/,     6X1.91\        _^,,  ,    ^ 

^^^  12  33  \         12  33  /  ^^^  square  foot. 

Fig.  31  shows  the  distribution  of  pressure  throughout  the  length 
of  the  base. 

The  wall  is  safe  against  sliding,  having  a  factor  of  safety  of 

^  QRho         =1-7.    The  factor  of  safety  against  overturning  is 

^*^2       -2  3 
7.52-4.26"     ^* 

Inner  Floor  Slab. — The  loading  on  the  horizontal  footing  slab 

CDy  Fig.  31,  is  the  difference  between  the  downward  forces  and 

the  upward  pressure  of  the  soil.     This  difference  is  a  maximum 

at  D  and  decreases  toward  C,  so  a  strip  of  footing  at  D  1  ft.  wide 

will  be  considered. 

mu  J  •    160+500     ^^^  »  ,  , 

The  upwaid  pressure  is  ^  =330  lb.  and  may  be  con- 
sidered as  uniformly  distributed,  while  the  weights  of  the  earth 
and  footing  are  2550  lb.  and  375  lb.  respectively.  Thus  the 
uniform  load  on  an  end  strip  12  in.  wide  is  2550+375—330  = 
2595  lb.  per  linear  foot.  The  maximum  bending  moment  in  this 
slab  (considering  it  as  partly  continuous) 
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M  =  (?^-?|-^=  16.600  ft..lb. 
Then  d^^^^>^=  15^  in.  (total  depth  17^  in.) 

The  depth  of  the  slab  is  generally  controlled  by  shear.  The 
total  shear  at  the  edge  of  the  counterfort  is  (2595)  (4.00—0.67) 
=  8640  lb.  and  the  necessary  depth  for  shear,  assuming  i  =  |,  is 

d=  7.  ^      =28  in.  (total  depth  30  in.) 

(12)(g)(30) 

Thus  the  total  thickness  of  the  slab  should  be  made  30  in.  instead 
of  17^  in.  as  required  for  moment.  It  seems  reasonable  here 
(as  in  the  vertical  wall)  to  consider  the  span  of  slab  for  shear  and 
bond  as  the  clear  distance  between  counterforts.  Only  the  end 
strip  receives  maximum  stress  and  this  is  strengthened  by  the 
strips  adjoining. 

Negative  bending  moment  will  be  provided  for  by  separate 
short  rods  at  the  top  of  slab  at  counterforts.  Since  maximum 
bond  stress  will  occur  in  these  rods,  it  is  the  intention  to  design 
the  bottom  rods  simply  for  the  bending  moment,  giving  a  sufficient 
spacing  to  the  top  rods  to  take  care  of  the  bond  stress.  . 

The  size  and  spacing  of  the  bottom  rods  will  now  be  determined 
for  moment. 

M_  16,600^ 

Table  3  cannot  be  used  to  find  the  corresponding  value  of  p, 
but  using  0.93  as  a  rough  value  for  j  and  substituting  in  the 

K 

formula  p=  /.  .,  we  have 
h3 

_  21.2  __ 

^"  (16,00()K0.93)"^^^^^ 

Thus  a.  =  (0.0014) (12) (28)  =0.47  sq.  in. 

and  f-in.  round  rods  spaced  11  in.  on  centers  is  sufficient  for 

moment  in  the  bottom  rods 

Rods  of  the  same  size  will  be  used  over  supports.     Bond  will 

control. 

^^^o\r..      (80)(12)(2.36)(0.93)(28)     .^. 
Spacmg  =     8640  =6. 8m. 

A  6-in.  spacing  at  the  edge  of  footing  will  be  considered  satis- 
factory. 

The  thickness  of  th^  slab  will  be  made  uniform  and  the  spacing 
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of  the  rods  will  be  increased  as  the  load  decreases  toward  the 
vertical  stem.  Since  bond  and  moment  vary  directly  with  the 
load,  the  spacing  for  both  top  and  bottom  rods  will  vaiy  in  the 
same  ratio.     For  each  1-ft.  strip  along  the  footing,  the  miit  load 

is  decreased  by  — io"oo~    =342  lb.     At  2  ft.  from  the  end  the 

unit  load  is  2250  lb.,  and  the  required  spacing  in  the  top  rods 
.    (6.8)(2595)     ^o.  ,  .     .,     u  ..  J    (11)(2595)     ,^^ 

IS  -"oo^O —  ^^'^  ^^'  ^^^  ^^  ^^^  bottom  rods    -^^cq      =12.7 

in.;  at  4  ft.  fiom  the  end  the  unit  load  is  1570  lb.,  and  the 
required  spacing  in  the  top  rods  is  11.2  in.  and  in  the  bottom  rods 
18.2  in.  As  a  general  rule  the  spacing  of  the  rods  should  not 
be  increased  much  beyond  18  in.  center  to  center. 

The  top  rods  should  have  a  length  on  each  side  of  the  center 
of  counterfort  sufficient  to  prevent  failure  by  bond. 

j  =  0.919  (from  Table  3) 

ft      (8900)(3) 

4«"    (4)(80)    "^^  *''• 

Thus  21  in.  on  each  side  of  counterfort  is  sufficient.     This 
length  is  practically  one-fifth  the  span. 
Using  the  exact  value  for  j,  we  have 

"=  (12)(0.919)(28)  =  2*  ^^-  P^'  «^""^  '""•^ 

which  is  satisfactory. 

Older  Cantilever, — The  computations  for  this  part  of  the 
footing  are  similar  to  those  foi  the  corresponding  part  of  the 
cantilever  wall  footing.  Fig.  31  shows  the  length  to  be  3.58 
ft.  The  downward  weight  is  that  of  the  cantilever  itself  and 
the  upward  pressure  is  represented  by  the  trapezoid  abed.  The 
distance  of  the  center  of  gravity  of  this  trapezoid  from  the  line 

•        3  58-  3-58    2j3150)+4380_ 

"^■^^       3    ^    3150+4380    "l-^^"- 
The  moment  close  to  the  vertical  wall  is 

M=  f  ««f  l^«)(3.58)(1.89)-(3.58)(2.5)(150)f  f ) 
=  23,100  ft. -lb. 
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The  minimum  depth  to  steel  foi  moment  should  be 

/23,100 


4 


71.3  =^S-^^^- 


and  the  area  of  steel  a.  =  (0.0050)  (12)  (18.0)  =  1 .08  sq.  in.     Round 
rods  f  in.  in  diameter  and  spaced  4J  in.  on  centers  will  suffice. 
The  total  shear 

7=-^~^J^^^V.58)-(3.58)(2.5)(150)  =  12,160  lb. 

Assuming  |  for  j,  the  depth  to  satisfy  shearing  stress 

d=      ^^'^^^  7   =  39  in.  (total  depth  41  in.) 


(12)(30)Q 


\8' 

For  this  depth  with  the  same  sized  rods  and  same  spacing  as 
required  for  moment,  the  approximate  bond  stress 

12,160  ^^.,  .     , 

u=  ^-^  '^    w. '=-57  lb.  per  square  mch. 

0  442 
A  6-in.  spacing  will  be  tried.     P-  /a\^QCk\  =0-^^  approximately, 

hence  j  =  0.928.     Then 

12,160  ^^ ,,  .     , 

w=    -A  =  72  lb.  per  square  mch 


(^^^(2. 36)  (0.928)  (39) 


which  is  within  the  allowable.  The  unit  shear  is  obviously  less 
than  the  allowable  since  the  value  of  j  is  greater  than  |.  The 
thickness  of  the  footing  may  be  reduced  to  12  in.  at  the  outer 
end. 

The  stress  in  the  steel 

^•  =  (0.0019KS)a2)(39)'  =  ^20  lb.  per  square  inch 

and  the  length  of  embedment  necessary  to  prevent  slipping 

/t_(8620)(J)_^^   . 
4u"    (4)(80)    "^^  ^^' 

The  rods  will  have  sufficient  grip  on  the  concrete  if  tbey  are  not 
formed  into  hooks  in  front,  while  more  than  21  in.  is  available  in 
the  I  ear. 

Counterfort. — The  total  force  transmitted  to  a  counterfort  is, 
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with  sufficient  accuracy,  J  (25) (25.5)2(8)  =65,000  lb.  Since  the 
resultant  force  acts  at  one-third  the  height,  the  bending  moment 

M=  (65,000)  (^|-^)  (12)  =  6,630,000  in.-lb. 

The  tension  in  the  counterfort  along  the  edge  AD,  Fig.  31,  wiU 
be  carried  by  rods  near  this  edge  and  the  stress  in  these  rods  at 
any  point  may  be  found  accurately  enough  by  an  equation  of 
moments  taken  about  the  center  of  the  front  wall  at  the  top  of 
footing.  Allowing  2  in.  from  center  of  steel  to  edge  of  counter- 
fort, the  moment  arm  y  of  the  maximum  stress  in  the  rods  scales 
7.80  ft. 

Jlf__      6,630,000      _ 

^"fed*""  (16)(7. 8)2(12)2-^' -^ 

Table  3  shows  p  =  0.0032.  Thus  a,  =  (7,8)  (12)  (16)  (0.0032)  = 
4.79  sq.  in.  and  five  li-in.  round  rods  will  be  needed.  The 
thickness  of  the  counterfort  is  sufficient  to  properly  provide 
for  these  rods  if  a  spacing  of  2J  diameters  is  allowed.^  At 
16  ft.  b^low  the  top  the  bendmg  is  1,638,400  in.-lb.,  and  at  8  ft. 
below  the  top  it  is  204,800  in.  The  effective  depths  of  the 
counterfort  at  these  points  are  5.00  ft.  and  2.60  ft.  respectivel3^ 
The  required  values  of  p  approximately  corresponding  are  0.002 
and  0.001.     If  we  consider  3  of  the  rods  to  be  carried  above  the 

16-ft.  point,  and  2  above  the  8-ft;  point,  then  P  =  /fft\7K7)AWi4\ 

=  0.0031  and  0.0040  respectively.  These  values  are  greater 
than  those  required  and  the  rods  may  be  stopped  off  as  planned. 
In  addition  to  the  inclined  bars  placed  near  the  edge  of  the 
counterfort,  hoiizontal  and  vertical  bars  are  necessary  to  tie 
the  vertical  and  horizontal  slabs  to  the  counterfort,  and  to 
transfer  the  stresses.  Since  concrete  is  assumed  to  be  incapable 
of  taking  tension,  these  rods  must  be  considered  to  take  all  the 
shear  along  the  horizontal  and  vertical  edges  of  the  coimterfort. 
At  the  top  of  the  footing  the  shear  on  1  ft.  in  height  is 
(25)  (25.5)  (6.67)  =4260  lb.     If  J-in.  round  rods  are  used,  the 

lequired  number  in  a  foot  of  height  is  ,^  lOfiWifi  oooV^"^*^^' 
These  rods  should  be  placed  in  pairs,  each  hooked  around  the 
outer  horizontal  leinforcing  bars  in  order  to  obtain  a  satisfactory 

'The  Joint  Committee  in  their  second  report  recommends  3  diameters:  see  report  at 
the  end  of  this  volume. 
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12(2) 
bond.     The  spacing  of  these  pairs  at  the  footing  will  be  y-Wv 

=  17 Jin.  The  spacing  of  the  rods  at  other  points  in  the  vertical 
wall  may  be  determined  in  a  similar  manner.  The  arrangement 
of  the  pairs  of  rods  is  shown  in  Plate  III. 

The  spacing  of  the  vertical  bonding  rods  may  be  determined 
in  a  somewhat  similar  manner  to  the  above.  At  Z>,  Fig.  31,  the 
downward  tension  on  the  counterfort  caused  by  the  shear  from 
the  floor  slab  on  both  sides  of  the  counterfort  is  (2595)  (6.67) 
=  17,300  lb.  on  12  in.  of  length.     On  the  succeeding  12-in.  strips 

the  tension  is  decreased  by      lo  oq~  (6.67)  =2280  lb.  for  every 

foot  distant  from  D.  The  diagonal  rods  at  the  extremity  of 
the  footing  will  be  considered  to  take  the  tension  for  only  the 
first  12  in.  For  the  second  foot  strip  the  total  tension  is  15,020 
lb.  and  two  f-in.  round  rods  will  be  considered  sufficient  if  placed 
at  the  center  of  this  strip — namely,  1 J  ft.  from  the  end  of  footing. 
The  tension  coming  from  the  third  foot  strip  is  12,740  lb.  and 
two  J-in.  round  lods  will  also  serve  heie  if  placed  2 J  ft.  from  the 
end.  Two  f-in.  round  rods  will  serve  the  next  or  fourth  strip, 
two  f-in.  round  lods  the  fifth  strip,  and  two  f-in.  round  rods  for 
the  remaining  length  of  2.92  ft. 

The  veitical  and  diagonal  rods  of  the  counterfort  should  be 
extended  50  diameters  into  the  footing  or,  if  desired,  the  vertical 
rods  may  be  hooked  around  the  lower  reinforcement. 
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Fig.  32. 


[Design  No.  2.|  Design  a  counterfort  retaining  wall  to  have  a 
total  height  of  20  ft.,  and  to  carry  a  sand  filling  which  weighs  100 
lb.  per  cubic  foot.  The  wall  is  also  to  carry  a  surcharge  due  to 
Cooper's  E50  standard  train  loading  (Fig.  32)  on  each  track  shown 
in  Plate  IV.  The  weight  of  the  fluid  to  give  the  same  pressure 
as  that  of  the  fliling  will  be  taken  at  25  lb.  per  cubic  foot.  It 
will  be  assumed  that  the  face  of  the  retaining  wall  is  to  be  placed 
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On  the  right-of-way  line  where  it  is  not  possible  to  extend  the  toe 
of  the  foundation  beyond  the  face  of  the  wall.  A  pressure  of 
6000  lb.  per  square  foot  is  allowable  on  the  soil,  and  the  coefficient 
of  friction  of  concrete  on  the  earth  foundation  is  0.40.  The 
counterforts  will  be  spaced  arbitrarily  8  ft.  on  centers.     The 


0^f^W^ 
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point 


Fig.  33. 


working  stresses  for  the  concrete  will  be  taken  the  same  as  in  the 
two  preceding  designs.  Round  deformed  rods  will  be  assumed 
as  before. 

A  little   investigation  will   show  that   maximum  conditions 
will  occur  with  a  train  load  on  each  track  and  with  the  drivers 
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of  the  locomotives  directly  opposite  each  other.  It  will  be 
assumed  that  each  track  load  is  distributed  laterally  over  a  width 
equal  to  the  distance  between  track  centers,  namely,  13  ft.  K 
we  consider  a  distance  of  10  ft.  in  the  direction  of  the  rails,  the 
maximum  load  on  each  tiack  may  be  taken  100,000  lb.  occurring 
under  the  locomotive  drivers.  This  load  is  thus  assumed  to 
act  over  an  area  of  lOX  13  =  130  sq.  ft  giving  a  weight  per  square 

100  000 
foot  of     -i^     =770  lb.;  or  about  800  lb.,  considering  the  weight 

of  rails  and  ties.  This  is  equivalent  to  a  surcharge  of  8  ft.  and 
our  problem,  then,  is  to  design  a  counterforted  wall  to  sustain  a 
sand  filling  and  an  8  ft.  surcharge  of  the  same  material,  as  shown 
in  Fig.  33. 

Vertical  Wall, — The  thickness  of  the  footing  will  be  assumed 
at  30  in.,  making  the  height  of  the  curtain  wall  17 J  ft.     The 
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Fig.  34. 


total  force  acting  upon  this  slab  is  represented  by  the  area  abed 
in  Fig.  34.  At  any  given  depth  the  pressure  is  wh;  that  is,  if  h 
is  taken  as  the  total  depth,  including  surcharge.  For  ex- 
ample, at  the  top  of  the  footing  the  pressure  per  square  foot 
p=i^A  =  (25)(25.5)=638  lb.;  and,  at  the  top  of  wall,  P  = 
(25)(8)=2001b. 

The  pressure  at  the  bottom  of  the  vertical  slab  is  the  same  as 
in  the  preceding  design  and,  since  the  counterforts  have  the  same 
spacing  in  both  designs,  the  thickness  of  slab  and  spacing  of 
the  rods  at  the  bottom  may  be  the  same.  At  a  point  one-fourth 
the  height  of  wall  above  the  footing,  the  required   spacing  is 

25  5 

in.,   and   at  one-half  the  height  it   is   5X^ 


6X^J:J  =  6.0 


16.75 


=  7.6  in. 
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Footing. — The  total  force  P  acting  upon  the  retaining  wall  is 
represented  by  the  area  efgh,  Fig.  35.  By  referring  to  Art.  3  it 
is  clear  that  P  =  ^wh  (A+2Ai)  =§(25)(20)(36)  =  9000  lb.  and  acts 

at  a  distance  above  the  base  ^"g^'^+^a^V  ^^^^^sj^r^"^^^^ 
=  8.15  ft.     The  same  distance  x  may  be  obtained  by  finding  the 
distance  from  eh  to  the  center  of  gravity  of  efgh  by  the  foimula 
,       .  •     ,.  ,.        ,    .  20     (2) (200) +700 

employed  m  the  preceding  designs,  or  a;=  ^    •      ooo4-700 

=  8.15  It. 

The   resultant    weight  is  found   to  be  34,310  lb.  for  1-ft. 

length  of  wall,  and  acts  at  a  distance  6.14  ft.  from  the  toe.     The 

resultant  pressure  drawn  for  P  and  W  cuts  the  base  exactly  at 

the  middle  third  point. 

34  310 
The  average  unit  pressure  on  the  base  is     --^  —  =2860  lb.,  and 

the  maximum  pressure  at  the  toe  is  twice  this  value,  or  5720  lb., 
which  is  within  the  allowable.  The  pressure  at  the  inner 
extremity  of  the  footing  is^  of  course,  zero. 

The  wall  is  safe  against  overturning  and  sliding,  the  factors  of 
safety  being  2.8  and  1.5  respectively. 

Floor  Slab. — We  have  essentially  the  same  forces  acting  on  the 

foot  strip  at  the  inner  extremity  as  in  the  preceding  design.     The 

load  on  this  strip  determines  the  thickness  of  slab  and  d  =  28  in. 

will  be  taken  as  before,  with  f-in.  round  rods  and  the  same  rod 

spacing.     The  uniform  load  on  the  end  1-ft.  strip  is  2550+375 

5720 
—  ..^uo^  =2685  lb.  as  against  2595  lb.  of  the  preceding  design. 

The  total  shear  at  the  edge  of  the  counterfort  is  (2685)  (4.00— 
0.67)  =  8940  lb.     The  resulting  bond  stress 

ti=-.  -V  =74  lb.  per  square  mch 


/  g^)  (2.36)  (0.919)  (28) 
and 


8940  „,,  .     , 

'=  (12)(0.919)(28)  =  ^^  ^^'  ^^'  '^^^'^  ^^'^- 

These  values  are  within  the  allowable. 

For  each  foot  strip  toward  the  vertical  wall,  the  unit  load  is 

decreased  by    ^2   =477  lb.     The  shear  changes  sign  at  6.6  ft. 

from  the  inner  edge  of  the  footing.    The  long  rods  should  be 
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placed  in  the  top  of  slab  from  this  point  on  and  thus  interchange 
with  the  short  rods.  The  top  and  bottom  rows  of  rods  should 
overlap  to  some  extent  because  of  the  approximations  in  re- 
taining wall  design. 

Counterfort. — The  total  force  transmitted  to  a  counterfort  is 
(7330)  (8)  =58,640  lb.   (see  Pig.  34)  and  the  bending  moment 

Jlf  =  (58,640)  (7.23)  (12)  =5,090,000  in.-lb. 

Assuming  a  thickness  of  16  in.  and,  allowing  2  in.  from  center  of 
steel  to  edge  of  counterfort,  the  moment  arm  y  of  the  maximum 
stress  in  the  rods  scales  9.40  ft. 

ir-^-     5^90,000     _ 
^~6d^~'(16)(9.4)2(12)2""'^^'" 

Table  3  shows  that  a  value  of  p  somewhat  less  than  0.0020  may 
be  used.     Five  1-in.  round  rods  will  be  sufficient. 

The  size  and  spacing  of  the  horizontal  and  vertical  bonding 
rods  may  be  determined  in  the  manner  described  in  the  preceding 
design. 

Plate    IV   gives    the    complete    design    of    this    wall. 

13.  Special  Types  of  Reinforced-concrete  Walls. — Fig.  36 
shows  the  cellular  type  of  reinforced-concrete  retaining  wall. 
This  wall  is  formed  of  two  longitudinal  curtain  walls  (A)  and 
(5),  connected  by  transverse  walls  (C).  The  vertical  space 
between  the  parallel  longitudinal  walls  and  the  transverse  walls 
is  filled  with  earth.  This  type  of  wall  gives  a  lower  maximum  soil 
pressure  than  either  the  cantilever  or  counterforted  types,  but 
under  average  conditions  its  cost  per  linear  foot  is  greater.  Its 
use  would  seem  to  be  restricted  to  poor  soil  with  no  opportunity 
to  drive  piles  and  where  the  wall  must  be  built  as  close  as  possible 
to  a  given  property  line — conditions  which  often  occur  in  rail- 
way work. 

Fig.  37  shows  a  design  of  wall  which  gives  a  maximum  soil 
pressure  even  less  than  the  cellular  type  and  which  costs  approxi- 
mately the  same  per  linear  foot  of  wall.  This  design  was 
employed  by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  in  a  long 
retaining  wall  at  Elgin,  111.,  and  was  chosen  in  preference  to  the 
design  shown  in  Fig.  36  on  account  of  the  much  lower  bearing 
pressure  on  the  soil.  The  wall  consists  of  a  footing  (F)  which 
supports  a  longitudinal  wall  (T)  and  the  cross  walls  (77).  The 
cross  walls  at  the  outer  end  support  the  girder  (X),  which  spans 
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from  one  cross  wall  to  another.  The  slabs  (F)  are  supported  at 
one  end  by  the  girder  and  at  the  other  end  by  the  longitudinal 
wall.  The  great  reduction  in  soil  pressure  is  brought  about 
mainly  by  eliminating  the  weight  of  the  earth  directly  above  the 
footings,  the  space  between  the  cross  walls  (U)  being  an  open 
and  empty  space  in  this  design.  In  this  type  of  wall,  and  in 
the  cellular  type  as  well,  stability  against  sliding  should  be 
carefully  investigated. 


CHAPTER  III 
CONSTRUCTION 

14.  Back-filling  and  Drainage. — Quite  as  much  attention 
should  be  paid  to  the  earth  filling  and  to  its  drainage  as  to  the 
design  and  construction  of  the  retaining  wall  proper  or  to  the 
matter  of  providing  a  suitable  foundation.  If  the  earth  is 
deposited  in  layers  inclined  from  the  wall,  the  pressure  will  be 
small  compared  to  that  resulting  if  the  layers  are  sloped  toward 
the  wall.  It  is  quite  often  the  case  that  by  depositing  the  back- 
filling so  as  not  to  slide  against  the  wall,  a  light  wall  may  be 
made  to  stand  where,  under  the  same  conditions,  if  the  earth  is 
dumped  so  as  to  slide  against  the  wall,  even  a  heavy  wall  will 
fail. 

When  placing  a  back-fill  near  a  steep  undisturbed  slope  of 
earth  or  rock,  care  should  be  taken  that  the  earth  does  not 
arch,  or  does  not  form  a  wedge.  If  the  proper  precautions  are 
not  taken,  a  heavy  lateral  thrust  will  occur  near  the  top  of  wall. 

Water  behind  a  wall  is  a  frequent  cause  of  failure.  It  adds  to 
the  weight  of  the  backing  and  softens  the  material  so  that  the 
lateral  thrust  is  increased.  Also,  undrained  back-filling  will 
freeze  and  create  lateral  thrust  due  to  the  consequent  expansion. 
To  drain  the  backing,  weepers  or  weep  holes  should  be  left  through 
the  wall  just  above  the  footing.  Tile,  3  or  4  in.  in  diameter  is 
generally  used  and,  in  the  North  Central  States,  placed  usually 
not  more  than  10  to  15  ft.  apart.  The  tile  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  If  the  backing 
is  retentive  of  water,  a  vertical  layer  of  broken  stone,  coarse 
gravel,  or  cinders  should  be  placed  next  to  the  wall  to  act  as  a 
drain.  The  filling  in  front  of  the  wall  should  also  be  carefully 
drained. 

16.  Forms. — Form  work  as  applied  to  buildings  will  be  treated 
in  detail  in  Part  II,  Chapter  XIX.  Since  the  method  of  con- 
structing forms  and  the  directions  for  their  removal  are  very 
much  the  same  for  different  types  of  structures,  very  little  need 
be  said  under  this  heading. 
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The  lumber  used  for  forms  should  have  a  nominal  thickness  of 
at  least  1^  in.  before  surfacing  and  should  be  of  a  good  quality 
of  Douglas  fir  or  Southern  long-leaf  yellow  pine.  The  lumber 
for  face  work  should  be  dressed  on  one  side  and  on  both  edges  to  a 
uniform  thickness  and  width.  The  lumber  for  backing  and 
other  rough  work  may  be  unsurfaced  and  of  an  inferior  grade  of 
the  kinds  above  mentioned. 


j^fTff/  m  de  set  or  t*vrJt//f^  p/^^f 
only  fQ  prf¥wnr  spf^iing  ^  conc^'^ffe. 


RunwGty  ^r  f^a^^  wheefbarroi^s 
Pface  bo&n^  ftr  crossover 


-  *W'  ^^    iofpasite  tnfTkfng  p/ace 
^''iX-  /     :'         ^^ur^wtry  i^  empty 


wheelbarrows 


Bracing  of  mil  Forms  E'-e'C  ioC. 
Fig.  38. 


Forms  should  be  substantial  and  unyielding,  and  built  so  that 
the  concrete  will  conform  to  the  dimensions  shown  on  the  de- 
signer's plans,  and  they  should  also  be  tight  so  as  to  prevent 
the  leakage  of  mortar.  Forms  may  be  either  continuous  or 
sectional,  or  a  combination  of  both,  depending  upon  the  economy 
of  the  work.  The  concrete  in  any  given  section  should  be  allowed 
to  harden  for  36  hours  before  the  forms  are  removed  and,  in 
freezing  weather,  extra  care  must  be  taken  to  make  sure  that 
the  concrete  has  had  sufficient  time  to  become  thoroughly  set. 
Material  once  used  for  forms  should  be  cleaned  before  being 
used  again. 

A  design  of  a  form  for  a  cantilever  wall  is  shown  in  Fig.  38. 
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This  design  was  made  by  the  engineers  of  the  Isthmian  Canal 
Commission,  Pacific  Division,  for  a  reservoir  wall  and  accom- 
panies the  Commission's  annual  report  for  the  fiscal  year  end- 
ing June  30,  1910. 


mm 

9/4111111  ' . 

i 

^1 

Courtesy  of  Atlas  Portland  Cement  Co. 

Fig.  39. — Reinforcement  in  place,  Buffalo  retaining  wall. 

Fig.  39  shows  the  method  of  constructing  and  reinforcing  the 
counterforts  of  a  retaining  wall  at  Buffalo,  New  York.  Fig.  40 
shows  the  finished  wall. 


Problems 

2.  Design  a  cantilever  retaining  wall  to  be  18  ft.  high  above  the  ground 
and  to  support  an  earth  bank  whose  surface  has  an  upward  li  to  1  slope 
from  the  top  of  wall.  The  face  of  the  wall  is  to  be  placed  on  a  property 
line  and  the  foundation  is  to  be  4  ft.  below  the  ground  surface.     Assume 
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the  same  weights  for  the  earth  and  concrete  as  in  the  designs  given  for 
illustration,  and  take  3  short  tons  per  square  foot  as  the  safe  bearing 
power  of  the  soil.  The  coefficient  of  friction  of  the  concrete  upon  the  earth 
foundation  is  0.40.  Assume  plain  round  rods  of  medium  steel.  Employ 
the  working  stresses  recommended  by  the  Joint  Committee  for  a  2000-lb. 
concrete  and  design  by  the  equivalent  fluid -pressure  method,  using  25 
lb.  per  cubic  foot  as  the  equivalent  fluid  weight.  Take  a  length  of  base 
which  will  bring  the  resultant  pressure  within  the  middle  third  of  the  base 
and  assume  the  thickness  of  the  footing  at  30  in.     Use  tables  of  Vol.  I. 


Courtesy  of  Atlaa  Portland  Cement  Co. 

Fig.  40.— Buffalo  retaining  wall,  D.  L.  &  W.  R.  R. 


3.  Design  the  wall  of  the  preceding  problem  using  Rankine's  formula  for 
earth  pressure.  Take  the  angle  of  internal  friction  of  the  earth  filling 
at  45^ 

4.  Design  a  counterforted  wall  to  be  30  ft.  high  above  the  ground  and  to 
support  a  level  bank  of  earth.  The  wall  is  also  to  sustain  an  additional 
5-ft.  surcharge.  Place  the  vertical  slab  so  as  to  give  a  minimum  amount 
of  material  in  the  wall.  Space  counterforts  8  ft.  center  to  center.  All 
other  data  is  to  be  taken  the  same  as  in  Problem  2. 


PART  II 

BUILDINGS 

INTRODUCTION 

This  treatise  will  deal  principally  with  reinforced-concrete 
buildings  of  the  skeleton  type  of  construction;  in  other  words, 
it  will  be  assumed  in  the  discusssions  which  follow  (unless  other- 
wise stated)  that  the  student  has  in  mind  the  usual  type  of  con- 
crete building  (Fig.  41),  in  which  there  is  an  exterior  as  well  as 
an  interior  frame  of  reinforced  concrete  and  in  which  the  walls 


Courtety  of  Turner  Conttruction  Co. 
Fig.  41. — Model  factory.     Bush  Terminal  Co.'s  buildings,  Nos.  19  and 
20.     Total   floor  area  23  acres.     This  is  the  largest  reinforced-concrete 
building  constructed  in  the  East. 

(if  any)  are  simply  light  curtain  or  panel  walls  of  either  concrete 
or  brick,  built  at  some  convenient  time  after  the  adjacent  frame- 
work is  completed.  Outside  bearing  walls  with  few  openings  are 
sometimes  employed  in  reinforced-concrete  construction,  but  it 
is  in  the  former  type  of  structure  that  the  present-day  builder 
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is  particularly  interested,  because  it  is  the  easier  to  build  and  the 
more  economical. 

Sometimes  only  the  basement  walls  of  buildings  are  of  the  bear- 
ing type.  In  a  common  form  of  such  construction,  described  in 
Art.  53,  the  basement  wall  between  any  two  consecutive  piers  is 
made  sufficiently  deep  to  act  as  a  beam  and  to  distribute  the 
load  over  the  entire  bay  from  column  to  column. 


Courtesy  of  Turner  Construction  Co. 

Fig.  42. — Candy  factory.  Wallace  &  Co.,  Brooklyn,  N.  Y.  Note 
pleasing  effect  of  combined  brick  and  concrete  finish,  using  brick  curtain 
walls  and  brick  veneer. 


The  skeleton  type  of  construction  is  not  always  apparent  in 
completed  buildings  (Fig.  42),  especially  at  first  glance,  since, 
from  an  architectural  standpoint,  it  sometimes  becomes  necessary 
to  cover  the  exterior  columns  and  walls  with  brick,  terra-cotta, 
marble,  limestone,  or  other  material.  The  methods  of  tying 
a  brick  or  stone  facing  to  the  concrete  will  receive  attention  in 
A^t.^55. 
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Reinforced-concrete  slabs  are  quite  often  employed  in  the 
floors  and  roofs  of  steel-frame  buildings.  The  different  ways 
of  placing  the  concrete  slab  with  reference  to  the  steel  frame  and 
the  manner  of  covering  the  beams  and  girders  for  fire  protection 
will  be  described  in  Art.  20. 

In  order  to  obtain  the  fire-proof  and  sanitary  features  of  con- 
crete construction,  it  is  quite  common  to  employ  an  interior 
frame  of  reinforced  concrete  with  the  ordinary  brick  bearing- 
wall  structures  which  are  common  to  every  community.  The 
methods  of  design  given  in  this  text  will  apply  to  every  part  of 
this  type  of  construction  except  the  simple  details  of  the  brick 
walls. 


SECTION  I 

DESIGN 
CHAPTER  IV 

FLOORS 

16.  General  Types. — There  are  four  general  types  of  rein- 
forced-concrete  floors:  (1)  monolithic  beam  and  girder  construc- 
tion, (2)  flat  slab  construction,  (3)  unit  construction,  and  (4) 
steel  frame  construction  with  concrete  slabs.  In  the  fourth 
type  mentioned,  the  beams  and  girders  are  usually  covered 
with  concrete  for  fire  protection. 

17.  Monolithic  Beam  and  Girder  Construction. — The  monoli- 
thic  beam  and  girder  floors  may  be  divided  into  two  groups — 
the  first  including  solid  concrete  floors,  and  the  second  what  is 
known  as  terra-cotta  hollow-tile  floors.  The  arrangement  of 
beams  and  girders  in  the  solid  type  has  been  considered  in 
Art.  58  of  Volume  I,  and  much  has  been  said  of  this  type  as  to 
methods  df  design.  This  is  by  far  the  older  of  the  two  types, 
but  the  hollow  tile  is  now  used  quite  entensively  for  light 
buildings  such  as  modern  store  buildings  and  office  structures. 

Fig.  43  shows  a  typical  one-way  hollow-tile  slab  and  Fig.  44 
a  two-way  tile  construction.  No  cross-beams  are  employed  in 
the  one-way  type  except  the  small  ribs  of  the  floor  slab  formed 
between  the  rows  of  hollow  tile.  In  the  two-way  type,  cross- 
beams are  placed  at  the  columns.  The  tiles  are  placed  directly 
upon  the  forms  with  the  reinforcing  rods  in  the  spaces  between 
them,  and  the  concrete  is  filled  in  between  the  tiles  and  poured 
over  the  top  to  form  the  floor.  The  ribs  form  a  series  of  com- 
paratively light  T-beams  side  by  side  with  flanges  usually  two 
or  more  inches  in  thickness.  The  main  beams  or  girders  are  also 
of  T-shape.  The  flanges  of  these  beams  or  girders  are  usually 
of  the  same  thickness  as  the  floor  slab,  but  lighter  tiles  are  some- 
times used  near  the  stem,  in  which  case  the  flange  becomes 
thinner  than  when  the  tiles  are  entirely  omitted  at  this  part  of 
the  floor.  The  function  of  the  tiles  is  simply  to  create  a  void  in 
the  concrete  and  thus  to  decrease  the  dead  weight  of  slab,  and 
they  do  not  enter  into  the  calculations  for  strength  of  floor. 
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Either  hard-burned  or  semi-porous  tile  may  be  used  in  rein- 
forced-concrete  floor  construction.  Hard-burned  tile,  due  to 
its  density,  has  a  higher  crushing  strength  and  will,  therefore, 
undergo  a  greater  stress  without  any  sign  of  failure,  but  it  does 
not  seem  to  be  as  good  a  fire-resisting  material  as  the  semiporous. 

The  following  table  gives  average  weights  of  the  common  sizes 
of  hollow  tile : 


-: 

'^j^ 


Plan. 


^,yr^^-'r-Mrtrf'^^ 


Vie-- 

Half  Section  A-A' 
Fig.  43. 


WEIGHTS  OF  HOLLOW  TILE 

4X12X12 16  lb. 

5X12X12 20  lb. 

6X12X12 22  lb. 

7X12X12 27  lb. 

8X12X12 30  lb. 

9X12X12 33  lb. 

10X12X12 35  lb. 

12X12X12 40  lb. 


The  commercial  sizes  of  tiles  are  usually  12  in.  by  12  in.  in 
plan  and  vary  in  depth  from  4  in.  to  16  in.  The  depth  of  a 
tile  concrete  floor  should  be  designed  so  as  to  allow  for  these 
commercial  sizes.     The   standard  sizes   manufactured   by   the 
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National  Fire  Proofing  Company  are  all  12  in.  by  12  in.  in  plan 
with  the  following  depths:  4  in.,  5  in.,  6  in.,  7  in.,  8  in.,  9  in., 
10  in.,  12  in.,  15  in.  Special  sizes  of  tile  may  be  obtained  if  the 
order  is  of  sufficient  size  to  warrant  the  manufacturing  of  the  same. 
Tiles  are  likely  to  vary  f  in.  from  the  dimensions  specified  so 
that  the  plans  should  show  the  full  thickness  of  the  floor  and 
the  minimum  amount  of  concrete  topping.  If  the  tiles  are 
small,  due  to  shrinkage  in  burning,  the  thickness  of  floor  should 
be  made  up  in  concrete. 
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Fig.  44. 


Unless  the  tile  is  thoroughly  sprinkled  before  the  floor  is  poured, 
slight  depressions  will  occur  over  the  ribs.  This  is  because  the 
hollow  tile  absorbs  the  moisture  in  the  concrete  of  the  top  coat, 
causing  it  to  set  more  quickly  than  the  rib  with  its  greater  body 
of  concrete  and  greater  shrinkage.  Sprinkling  of  the  tile  should 
be  insisted  upon,  especially  in  hot  weather. 

Hollow-tile  floors  are  generally  plastered  on  the  underside 
as  it  is  only  in  the  roughest  kind  of  work  that  this  is  not  done. 
The  surface  of  the  tiles  should  be  deeply  scored  so  that  the 
plaster  will  bind  firmly. 

Ordinary  hollow  tile  is  open  at  both  ends  and  cannot  be  used 
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when  the  floor  is  reinforced  in  both  directions.     For  such  floors 
two-way  tile  should  be  procured. 

Hollow-tile  floors  are  gaining  in  favor  for  long  span  construc- 
tion, and  where  the  loads  are  light  and  distributed.  The  reason 
for  this  is  the  small  dead  load,  the  flat  ceiling,  and  the  simplicity 
of  the  form  work.  The  cost  of  the  solid  type  of  beam  and  girder 
construction  for  the  conditions  of  long  span  and  light  loads  is 
generally  much  greater  than  for  hollow  tile. 
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45. — System  of  floor  construction  used  at  The  University  of 
Wisconsin. 


A  system  of  floor  construction  which  compares  favorably  with 
the  hollow  tile,  if  not  superior  to  it  under  certain  conditions, 
is  that  used  at  The  University  of  Wisconsin  (Fig.  45).  For  the 
purpose  of  forming  rib?,  inverted  wooden  boxes  covered  with 
sheet  metal  are  employed  (instead  of  the  usual  forms)  and  these 
boxes  can  generally  be  used  thirty  times  or  more.  The  boxes 
which  have  slightly  flaring  sides  and  ends  are  laid  face  down 
upon  a  system  of  supporting  planks  upheld  by  shores  and  the 
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intervals  between  these  boxes  or  cells,  when  filled  with  concrete, 
constitute  the  beams  and  cross-braces  of  the  floor. 

The  following  is  quoted  from  a  paper  read  by  Mr.  Arthur 
Peabody,  Supervising  Architect  of  The  University  of  Wisconsin, 
at  the  third  annual  convention  of  the  Engineering  Society  of 
Wisconsin: 

"Other  systems  approach  the  practical  value  of  this  one  in  some 
d^ree,  as  for  instance  that  one  where  hollow  tiles  are  used  in  place 
of  the  wood  cells.  Where  but  one  building  is  to  be  constructed,  the 
cost  of  the  cells  might  excel  the  cost  of  the  tile.  Where  the  build- 
ing is  of  several  stories,  or  in  buildings  of  large  enough  area  so  that 
one  part  can  be  constructed  before  another,  thus  permitting  the  re- 
peated use  of  a  reasonable  number  of  cells,  the  cost  of  the  tile  would 
probably  exceed  the  proportionate  cost  of  wood  cells.  The  tiles  serve 
no  useful  purpose  except  as  forms  between  which  the  beams  are  cast, 
and  their  weight  adds  to  the  dead  load  of  the  floor  construction. 

"There  is  room  for  trouble  in  constructions  where  a  certain  beam 
supports  a  considerable  area.  Such  a  beam  is  usually  calculated  to 
do  the  work  intended,  with  a  good  margin  of  safety,  but  suppose  the 
casting  of  the  beam  proves  to  be  faulty,  or  in  some  manner  the  beam 
suffers  slight  damage.  At  once  the  entire  area  is  threatened.  This 
suggests  the  arrangement  of  many  beams  of  small  size,  each  support- 
ing a  small  floor  space.  To  this  there  arises  the  objection  of  increased 
cost.  Beams  of  long  span  and  narrow  width  suggest  cross  bracing, 
and  again  the  comparison  with  wood  construction  suffers  as  regards 
expense.  The  good  elements  of  wood  construction  are,  however,  pre- 
cisely those  of  advantage  in  concrete.  Wood  beams  are  of  long  span, 
slight  dimensions,  and  are  set  closely  together.  Each  beam  is  braced 
to  its  neighbor  by  cross  bridging.  Under  the  beams  all  sorts  of  pip- 
ings are  extended,  and  a  flat  ceiling  is  placed  beneath.  Upon  the 
beams  the  floor  is  laid.  What  could  be  more  reasonable  and  conven- 
ient? Should  a  pipe  fail  it  requires  only  the  removal  of  the  ceiling  for 
its  repair.  Should  it  be  necessary  to  change  the  dimensions  of  rooms, 
the  necessary  readjustments  are  readily  made.  Should  a  beam  be 
slightly  defective,  or  suffer  injury,  the  beams  adjacent  will  support 
the  load,  or  if  necessary,  a  section  can  be  replaced  without  removing  a 
large  area  of  the  floor.  None  of  these  advantages  are  to  be  had  in 
the  factory  type  of  reinforced-concrete  floor  construction.  (By  the 
factory  type,  Mr.  Peabody  means  the  ordintsiy  type  of  beam-and-girder 
construction  dealt  with  in  Volume  I.) 

"The  system  employed  at  the  University  of  Wisconsin  has  been 
found  practical,  economical,  and  effective,  and  for  buildings  intended 
for  ordinary  use  more  satisfactory  than  the  factory  type  of  construc- 
tion.   In  competition  with  other  systei  is  it  has  been  found  less  expen- 
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sive  where  the  requirements  of  the  specification  for  the  steel  and  other 
elements  forming  a  necessary  part  of  good  construction  have  been  con- 
served. This  has  been  put  to  proof  by  obtaining  alternate  proposi- 
tions on  the  same  work,  imposing  only  the  requirements  that  the  steel 
shall  be  strained  not  to  exceed  a  certain  amount,  that  spaces  shall  be 
provided  for  pipes,  etc.,  and  that  the  ceilings  shall  be  flat. 

"By  the  system  described,  spans  from  12  to  26  ft.  have  been  suc- 
cessfully cast  at  the  University  during  the  past  two  years.  It  is  pro- 
posed to  cast  beams  of  28-ft.  span  this  year.  These  will  require  joists 
8  in.  wide  on  the  bottom,  14  in.  deep  and  10  in.  wide  on  top.  With  ^y^ 
a  spacing  of  3  ft.  4  in.  from  center  to  center  of  joists  the  amount  of  con- 
crete employed  does  not  seem  excessive.  The  cross  braces  in  the  floor, 
due  to  the  intervals  between  the  lengths  of  cells,  have  not  been  con- 
sidered in  the  estimated  strength  of  the  floor.  Their  value  in  holding 
the  joints  against  lateral  strain  is  unquestionable  and  they  serve  also 
to  distribute  the  load  upon  the  floor.  The  increased  width  of  the  beams 
at  the  top,  due  to  the  flaring  sides  of  the  molds  gives  increased  resist- 
ance to  crushing,  while  the  narrow  bottom,  enclosing  the  steel,  is  suffi- 
cient and  economical. 

"For  attaching  the  ordinary  ceilings  to  this  construction  small  strips 
of  wood  are  cast  into  the  bottom  of  each  joist  and  secured  by  bent 
nails,  thus  affording  a  ready  means  of  applying  the  furring  strips  for 
the  ceiling.  These  in  turn  give  the  needed  spaces  for  pipes,  etc.  Upon 
the  furring  strips  wire  lath  or  plaster  board  is  nailed  and  the  plaster- 
ing is  applied. 

"The  most  convenient  size  of  cells  appears  to  be  2  ft.  8  in.  wide  X 
6  ft.  6  in.  long.  Beyond  this  size  they  cannot  be  so  easily  handled. 
Some  cells  were  made  8  ft.  long  and  a  few  5  ft.  At  times  it  is  neces- 
sary to  build  special  cells  to  finish  out  a  span. 

"Variation  in  strength  of  floors  was  made  by  spacing  the  cells  farther 
apart,  making  the  concrete  joists  wider  for  the  heavier  floor.  The  per- 
centage of  steel  was  then  increased  according  to  rule.  The  joists  were 
sometimes  left  exposed  over  laboratories,  and  made  a  very  presentable 
appearance. 

"The  floor  sheet,  2i  in.  thick  including  the  sand  finish,  seems  frag- 
ile. Experience,  however,  shows  that  except  for  the  mechanical 
difficulty  of  casting,  the  floor  could  be  thinner.  Floors  have  been 
broken  diuing  construction,  but  by  blows  which  would  break  other 
floors  considered  amply  strong.  On  one  instance  a  scaffold  plank  fell 
about  16  ft.,  striking  on  end.  At  another  time  a  piece  of  sandstone  3 
ft.  long,  weighing  about  450  lb.  fell  the  same  distance  upon  the  floor. 
Each  of  these  accidents  made  a  break  about  a  foot  square,  leaving  the 
steel  fabric  but  little  damaged,  and  the  repair  of  the  floor  very  easy. 
Drilling  through  the  floor  for  extending  steam  rbers  or  setting  anchor 
bolts  shows  the  s4rength  to  be  ample  if  not  excessive. 
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"With  the  present  depth  of  14  in.  for  the  cells,  there  is  of  course  an 
economical  limit  to  spans.  Deeper  cells  would  bring  a  new  set  of  cal- 
culated values,  however,  so  that  there  is  no  reason  why  long  spans 
should  not  be  used." 

Fig.  46  is  an  actual  view  of  the  floor  construction  employed 
at  the  University  of  Wisconsin.  Note  the  wood  cells  in  the 
foreground  ready  to  be  removed.  Note  also  the  wood  strips 
in  the  bottoms  of  the  beams. 


Fig.  46. — Construction  view  of  tho  floor  system  used  at  the  University  of 

Wisconsin. 

Floor-bay  designs  will  now  be  given  for  both  solid  and  hollow- 
tile  constructions. 

Design  of  Floor  Bay — Two  Intermediate  Beams 

Design  an  interior  floor  bay  to  support  a  live  load  of  250  lb.  per 
square  foot  with  the  columns  spaced  21  ft.  by  21  ft.  on  centers. 
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These  floor-bay  dimensions  make  an  extra  heavy  construction  but 
they  will  be  adopted  to  bring  out  some  special  features  in  design. 
The  working  stresses  recommended  by  the  Joint  Committee  for 
a  2000-lb.  concrete  will  be  employed  throughout.  (See  Appendix.) 
Plain  round  rods  of  medium  steel  will  be  assumed,  and  the  ratio 
of  the  unit  cost  of  steel  in  place  to  unit  cost  of  concrete  in  place,  ^ 
r,  will  be  taken  at  60. 
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Cross  section  A-A 
Fig.  47. 

Since  an  interior  floor  bay  has  been  assumed,  the  bending 

moment  -^  °^^y  ^^  employed  for  the  three  parts  of  the  floor 

bay — namely;,  the  slab,  the  beam,   and  the  girder.     Fig.   47 
shows  the  proposed  arrangement  of  beams  and  girders. 

The  floor  surface  will  be  given  what  is  called  a  granolithic 

>  The  cost  of  concrete  need  not  include  form  conatruction  since  a  variation  in  depth 
affects  this  but  slightly. 
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finish^  consisting  of  a  layer  of  1:2  mortar,  1  in.  thicks  spread 
upon  the  surface  of  the  concrete  slab  before  it  has  begiin  to 
set,  and  troweled  to  a  hard  finish.  For  simplicity,  the  weight 
of  finish  will  be  assumed  as  included  in  the  specified  live  load  of 
250  lb.  per  square  foot.  Of  course,  it  should  be  readily  under- 
stood that  in  practice,  where  a  definite  live  load  is  required,  the 
finish  should  be  considered  separately  as  a  superimposed  dead 
load. 

The  writer  is  aware  that,  under  certain  conditions,  the  mortar 
finish  may  be  considered  to  act  with  the  slab  proper  in  taking 
the  stresses  under  loading.  Usually,  however,  the  designer 
has  no  way  of  finding  out  whether  the  finish  will  be  placed  at 
the  same  time  as  the  concrete,  or  run  a  number  6f  hours  later, 
and  this  alone  should  call  for  caution  on  the  part  of  the  designer 
in  figuring  the  finish  as  a  part  of  the  slab.  If  the  superintendent 
on  the  job  is  known  as  a  careful  man  and  if  there  is  to  be  very 
careful  supervision,  the  floor  may  be  sometimes  figured  in  this 
way,  but  never  without  putting  an  underscored  note  on  the  draw- 
ing to  the  effect  that  the  finish  shall  be  run  immediately  after 
the  pouring  of  the  concrete  slab.  Also  the  surface  of  the  floor 
should  be  blocked  off  only  along  the  center  line  of  columns  and 
no  joint  should  be  made  between  column  lines,  as  such  joints 
would  affect  the  needed  strength  of  the  slab. 

Where  care  in  construction  is  not  assured,  or  where  any  ap- 
preciable wear  on  the  floor  is  expected,  the  finish  should  properly 
not  be  included  in  the  effective  slab  thickness.  It  is  also  advis- 
able not  to  figure  this  way  for  a  winter  job  under  any  conditions. 

It  is  possible,  by  taking  great  precautions,  to  bond  a  wearing 
surface  to  a  concrete  slab  after  the  concrete  in  the  slab  has  set. 
This  requires  special  treatment  including  thorough  clearting  and 
soaking  of  the  old  concrete,  providing  a  bond  layer  of  ueat 
cement  mortar,  and  placing  the  surface  before  this  neat  cement 
has  begun  to  harden.  Poor  joints  occur  quite  frequently,  how- 
ever, and  it  is  advisable  not  to  figure  the  finish  as  a  part  of  the 
slab  in  a  case  of  this  kind,  even  though  considerable  care  is  as- 
sured at  the  time  of  construction. 

If  it  is  deemed  advisable  in  any  given  design  to  consider  the 
finish  as  an  integral  part  of  the  slab,  the  maximum  fiber  stress 
in  compression  may  be  determined  by  the  method  outlined  in 
Fig.  48.  The  distance  b  is  made  equal  to  the  maximum  allowable 
stress  on  the  ordinary  concrete,  and  the  distance  a  which  K'pre- 
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sents  tl^  maximum  stress  on  the  cement  finish  is  then  computed 
on  this  ratio.  This  later  stress,  however,  should  not  be  in  excess 
of  the  maximum  allowable  stress  for  cement  finish. 

Slab. — ^The  main  reinforcement  will  be  placed  in  the  direction 
A  A'  Fig.  47,  and  the  span  of  slab  will  be  7  ft.  Slab  is  to  be  fully 
continuous  and  its  total  depth  will  be  taken  to  the  nearest  |  in. 

Table  6  of  Volume  I  shows  that  a  4^-in.  (cf=3^  in.)  alab  with 
span  of  7  ft.  will  sustain  a  load  (live  plus  dead)  of  (2.60)  (1.2)  = 


(Afax.  allow- 
A  able  fiber 
t>  \stress  In 
<»  '■  concrete 


Fig.  48. 

323  lb.  per  square  foot.  Corresponding  weight  of  slab  is  56  lb. 
per  square  foot,  and  the  total  load  per  square  foot  for  the  slab 
to  carry  is  therefore  250+56  =  306  lb. 

For  a  4|-in.  slab,  Table  6  gives  a«=  0.323  sq.  in.  Referring 
to  Table  4,  it  is  evident  that  |-in.  round  rods  spaced  4  in.  on 
centers  will  give  sufficient  steel  area.  Since  the  depth  is  taken 
somewhat  greater  than  is  theoretically  necessary,  a  rod  spacing 

of  4i  in.  will  be  tried.  For  this  spacing,  V^  (a  f>^  /q  f>^  ^  00070. 
Using  the  safe  load  formula  of  Table  7,  w;  =  296  lb.  which  is  less 


Fig.  49. 


than  the  required  load  and  the  proposed  4i-in.  spacing  cannot 
safely  be  employed  unless  the  span  is  considered  less  than  the 
distance  between  centers  of  supports.  If  desired,  the  span  of 
a  slab  may  be  taken  as  the  clear  span  plus  the  depth  of  slab. 
Four  round  rods  f  in.  in  diameter  will  be  placed  transversely  in 
each  7-ft.  panel  to  prevent  shrinkage  and  temperature  cracks, 
and  to  bind  the  entire  structure  together. 

Fig.  49  shows  an  arrangement  of  steel  such  that  there  is  the 
same  steel  area  at  the  top  of  slab  over  the  cross-beams  as  at  the 
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bottom  of  the  slab  midway  between  these  beams.  All  r  >ds  tire 
bent  and  are  identical  in  shape — namely,  straight  at  ^ne  end, 
bent  up  at  the  center  over  a  beam,  and  bent  over  a  beam  at  the 
other  end.  The  required  arrangement  is  effected  by  shifting 
alternate  rods  7  ft.  ahead.  Some  designers  bend  up  all  the  rods 
over  supports,  but  a  better  method  is  to  continue  sonu'  steel  at 
the  bottom  of  slab  and  thus  make  sure  that  no  point  i . .  tension 
is  unprovided  with  steel.  The  rods  arranged  as  in  Fif^  4**  may 
be  carried  over  three  spans  and  still  obtain  the  same  amount  of 
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steel  over  supports  as  in  the  center  of  span,  but  the  amount  of 
steel  at  the  bottom  of  slab  near  the  supporting  beams  becomes 
very  small. 

Fig.  50  shows  another  arrangement  for  the  slab  steel.  Both 
straight  and  bent-up  rods  are  employed,  each  rod  extending  over 
three  slab  spans.  The  joints  in  the  bent  rods  occur  over  suppK)rts 
and  the  steel  is  lapped  a  sufficient  distance  to  provide  adequate 
bond  strength.  This  lapping  is  so  arranged  that  two-thirds  as 
much  steel  occurs  over  the  supports  as  in  the  center  of  span. 


Fig.  51. 

Fig.  51  shows  an  arrangement  of  steel  which  gives  three-fourths 
the  center-of-span  area  over  supports.  The  arrangement  is 
similar  to  that  shown  in  Fig.  50  except  that  the  rods  extend  over 
only  two  spans. 

The  arrangement  shown  in  Fig.  50  requires  the  least  steel  and 
that  shown  in  Fig.  49  requires  the  most.  Fig.  49  shows  undoubt- 
edly the  best  design  for  spans  over  6  or  7  ft. 

[Procedure  using  Diagrams. — The  weight  of  slab  will  be  assumed 
at  56  lb.  per  square  foot  making  a  total  weight  (live  plus  d  ad)  of 
306  lb.  per  square  foot.     Diagram  5  shows  the  bonding  rionK  T)t 
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resulting  from  306  lb.  for  a  7-ft.  span  (ilf  =  |^  *  scale  at  bottom 

of  diagram)  to  be  15,000  in.-lb. 

Diagram  6,  Part  I  shows  that  a  4i-in.  (d  =  3J*in.)  slab 
will  support  a  load  somewhat  larger  than  that  required.  The 
area  of  steel  is  between  0.3  and  0.4  sq.  in.  per  foot  of  width. 
Interpolation  gives  the  value  0.31  sq.  in.  Diagram  3  shows  this 
amount  of  area  may  be  obtained  with  |-in.  round  rods  spaced 
4  in.  on  centers.] 

Cross-beams. — The  cross-beams  have  a  span  of  21  ft.  The 
beams  and  slab  will  be  poured  at  the  same  time  and  thoroughly 
tied  together  so  that  a  T-beam  section  may  be  considered.^  The 
distance  between  beams  is  7  ft.,  and  the  dead  and  live  loads  of 
the  slab  per  foot  length  of  beam  is  equal  to  7X306  =  2140  lb. 
Assume  dead  load  of  the  stem  of  beam  at  240  lb.  per  linear  foot. 
Then  the  total  loading  per  foot  of  length  equals  2380  lb.  The 
maximum  shear 

^J2380)(21)^25,000  1b. 
and  the  maximum  moment 

The  required  cross-section  of  web  as  determined  by  shear  = 

25,000      ^^_ 
j^^    =  238  sq.  m. 

The  following  formula  of  Art.  60,  Volume  I,  gives  the  most 
economical  depths  for  various  assumed  web  widths: 


M     t 
"•"2 


With  r  in  this  design  as  60,  then 

for  6'=   9  in.        rf  =  23.1  in. 

for  6' =  10  in.        d  =  22.0  in. 

for  6' =  11  in.  d  =  21.2  in.,  etc. 
In  order  to  provide  for  most  of  the  diagonal  tension  by  means  of 
bent-up  rods,  it  is  proposed  to  use  8  rods  placed  in  two  rows, 
4  rods  to  a  row.  A  value  of  6'  =  10  in.  may  be  satisfactory  as 
regards  rod  spacing,  but  6'Xd  as  given  above  is  not  great  enough 
to  provide  for  shear.  It  vnW  be  more  economical  to  deepen  the 
beam  of  10-in.  width  to  a  depth  of  23J  in.  than  to  adopt  a  width 
of  1 1  in.  and  a  depth  of  al)out  21.2  in.     Fig.  52  shows  the  arrange- 
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ment  of  the  steel  which  will  be  tried  in  the  bottom  of  the  I 'jam 
at  the  center  of  span.  This  exact  airangement  will  a^-  Ix?  t  .-ied 
at  the  top  of  beapa  over  supports.  It  is  quite  likely  lb  it  nere 
will  be  8  rods  in  the  girder  of  about  1-in  or  1  J-in.  diamelei  and, 
since  the  cross-beam  rods  should  fit  nicely  with  the  girder  rods 
over  supporting  columns,  the  two  layers  of  rods  will  be  placed  2 
in.  center  to  center  as  shown. 

The  weight  of  the  stem  is  (l^)  (22^5)  (150)  ^^35  ,b  per  foot, 

and  the  weight  assumed  is  thus  satisfactory. 

The  width  of  the  flange  of  the  T-beam  is  controlled  in  this 
design  (see  Art.  59,  Volume  I)  by  eight  times  the  thickness  of 
slab  plus  the  width  of  stem,  or  46  in.^    Then 

M  _    1,050,000 

6d2-  (46)(23.5)2~^^-'^ 

M  t      4  5 

For  this  value  of  ,  ,2  ^^^ ^^^d^2^\^ ^'^^'  Table 9, Part  I,  shows 

p  to  have  a  value  between  0.002  and  0.004,  and  fc  to  have  a 
satisfactory  value  somewhere  between  297  and  484. 

2)  =  0.002+2g'^(0.002)  =0.0028 

i  =  0.92 
a,  =  (46)  (23.5)  (0.0028)  =3.03  sq.  in. 

Four  J-in.  round  rods  and  four  f-in.  round  rods  will  be  selected 
(Fig.  52),  having  a  total  area  of  3.00  sq.  in.     (See  Table  13.) 

Eight  li-in.  round  rods  would 


3 — 5t_5 „ — ^..■,^^-^,^^■,-^3:    do,  but  the  J-in.  and  f-in.  rods 

f   ^.f        7^i?\  "^i/        '^^ — ^    ^^^  more  likely  to  be  foimd  in 

7 1 


iM=±:^= 


^</- 


*/a% 


stock.      The    four    f-in.    rods 

will  be  placed  in  the  lower  row 

■  ^  ^  and  it  will  be  sufficiently  ac- 

c  ^  ^1  cuiate  to  consider  the  center  of 

^  ^  gravity   of   the    steel  area  as 

midway  between  the  two  rows. 

Cross  secrion  of  CrossDeam     It    is    evident    now    that  the 

Fig.  52.  width  of  beam  for  rod  spacing 

was  correctly  assu^'^H.     CNote^ 

the  rod  spacing  recommended  by  the  Joint  Commit     .  . 

Four  rods  will  be  bent  up  and  lap  over  the  top  01    h*.  ^  ')port. 
The  other  four  will  be  continued  straight  ;i.  o  1.  r  ov  .  support  at 


/ 
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the  bottom  of  bt^am.     (See  Fig.  53.)     The  bond  stress  along  the 
8  rods  at  the  top  of  beam  near  support 

25,000  „ 

^~[(  !    2.356)  +  (4)a;964)](0.85)(23.5)  "^"^  ^^'  ^^"^  ^^'  '^• 
which  h     lUsfactory. 

(The  aveiage  value  of  j  is  taken  in  the  above  equation,  see 
Art.  62,  Volume  I.)  The  allowable  bond  stress  could  be  increased 
50  per  cent  for  the  proposed  arrangement  of  rods  shown  in  Fig. 
53.     (See  Arts.  38  and  63,  Volume  I.) 


Elevation  of  Crossbeam 


^^-^^^rr- 

— 1 

h- 

..'■/"'' 

l~zs'- •> 

<..... 

.....J 

Plan  of  Crossbeam 
(Bent  bars   nor  shorn?) 

Fig.  53. 


The  rods  at  the  top  of  beam  over  supports  will  have  the  same 
effective  depth  (d)  as  the  rods  at  the  bottom  of  beam  at  the 
center  of  span.     (Figs.  53  and  54.)     Then, 

d'^   3.5 
d-23.5' 

^=(10)(23'5)  =  00^28  =  p' 
The  following  values  may  be  obtained  from  Table  11,  Part  2: 


=0.149 


»  Then, 


L=0.266 
ii:=0.0111 

1,050,000 

(10X23. 5)'(0. 266) 

1,050,000 
(10)(23. 5)^0. 0111) 


=  715  lb.  per  square  inch. 
=  17,100  lb.  per  square  inch. 
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Allowable  compression  in  concrete  at  the  support  may  be  750  lb 
per  square  inch,  and  hence  no  haunch  or  extra  steel  is  necessary. 
(See  Art.  40,  Volume  I.)  The  tensile  stress  in  the  steel  is  greater 
than  the  allowable  but  will  be  considered  as  satisfactory  here 
simply  for  the  purpose  of  presenting  several  comparative  designs 
using  different  numbers  of  rods.  If  a  little  more  than  the  re- 
quired amount  of  steel  had  been  selected  at  the  center  of  span — 
say  8J-in.  rounds — the  stress  in  the  steel  over  supports  would 
not  have  figured  out  greater  than  the  allowable.  (See  Art.  63, 
Volume  I.) 


(One  third  point 
M(tl''(fh  7'- 0' -from 


;iP - V*"' 


Fkj.  54. 


The  formula  given  in  Art.  45  of  Volume  I,  namelv, 

—  2(>-Vt) 
may  be  employed  to  find  the  points  in  the  beam  where  the  lower 
horizontal  rods  may  be  bent  up.     The  first  two  rods  may  be 
bent  at 

2ir         /(8)  (2X0.307)].^     _.     ,  ^       ^ 

2[       \    (12)(3  00)      ^^^^^  ^'^^  ^^^"^  center  of  support. 

The  next  two  rods  may  be  bent  at 

2^""  Vq2)(8)  I      "^^^  ^^"  ^^^^  ^^'^^*''*  of  support. 

(ATote.— Areas  are  used  in  the  first  of  the  two  procedinR  equations  instead 
of  the  number  of  rods,  since  rods  are  of  two  different  sizes.) 
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The  rods  at  the  top  near  supi>ort  should  be  bent  down  as 
explained  m  Art.  63  of  Volume  I;  the  first  two  rods  at  a  distance 

not  less  than       o  qq       of  ^  =  25  in.  from  the  center  of  support; 

and  the  next  two  at  a  distance  J  of  «  =42  in.  from  the  same  point. 

(See  Fig.  54.) 

The  distance  from  the  support  to  the  point  where  web  rein- 
forcement is  not  needed, 


Also, 


21     (40)(10)(0.92)(23.5)^  _ 

xx=  2 2380 =  6.86ft.  =  82m. 


2.       25,000      __ 
^^-3     (0.85)(23.5)"^^"^^- 


Fig.  54  shows  the  diagonal-tension  triangle.  The  points  A 
and  D  are  taken  on  a  center  line  of  beam,  considering  the  depth 
of  beam  as  the  effective  depth.  This  center  line  is  approxi- 
mately midway  between  the  neutral  axes  for  positive  and 
negative  moments. 

The  points  to  bend  rods  at  the  top  of  beam  control  the  design, 
as  shown  in  Fig.  54.  The  tensile  value  of  one  f-in.  rod  =  (0.4418) 
(16,000)  =7070  lb.  Hence  stirrups  will  be  needed  to  take  the 
diagonal  tension  represented  in  the  triangle  ABC  by  the  area 
bcBC,  if  the  area  abed  is  made  equal  to  7070  Ib.^  This  is  due  to 
the  fact  that  it  is  not  reasonable  to  suppose  that  the  two  rods 
acting  along  da  will  be  of  use  as  regards  diagonal  tension  more 
than  one-half  their  value  on  either  side.  Diagonal  tension  near 
to  the  point  A  will  be  cared  for  by  the  additional  stirrups  which 
will  be  inserted  to  secure  good  T-beam  action.  The  horizontal 
distance  between  bent  rods  is  about  the  allowable — namely, 
about  |d.  The  distance  from  the  center  of  support  to  the  point 
where  stirrups  are  not  hecessary  scales  *27  in.  The  stirrups  will 
be  looped  about  the  upper  rods,  and  hence  will  be  in  an  inverted 
position  to  those  in  a  simply  supported  beam. 

Table  15  shows  that  the  maximum  diameter  of  stirrups  to  use 
is  (0.012)  (23.5)  =0.282  in.  We  shall  use  U-shaped  stirrups 
bent  at  the  ends  and,  on  account  of  this  bending,  |-in.  round  rods 
will  be  considered  secure  against  slipping  when  fuliy  stressed. 
The  minimum  spacing  of  stirrups  will  occur  at  the  supports, 

*  Note  that  the  Joint  Committco  rccommonda  that  the  stirrui)s  be  figured  to  take  all 
the  di»conal  tension. 


5= 


=  4.22  in. 
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and  this  spacing  (average  value  of  j  =  0.85,  see  Art.  62,  Vol- 
ume I) 

SaJ.jd  _  (3)(0.11)(2)(16,000)(0.85)(23 . 5) 
2V    "■  (2) (25,000) 

I  4 

At  a  distance  ^  from  the  center  of  support,  s=^  (4.22)  =5.6  in. 

At  a  distance  .  >    s  =  (2)  (4.22)  =  8.4  in.     A  smooth  curve  through 

the  points  thus  determined  (Fig.  55)  gives  the  spacing  over  the 
distance  required.  The  first  stirrup  will  be  placed  2  in.  from 
the  edge  of  girder,  assuming  the  girder  to  have  a  less  width  than 


[one  hatf  width 
(\of  girder 


V  i^  '^^  ^  V  J  V  ^V  ^  V  ^  V  ^  V  7 '  ^  -  7' -n*-  7' 


Fig.  55. 


the  column.  In  all  designs  the  distance  to  the  first  stirrup  will 
be  made  2  in.  as  this  is  usually  not  greater  than  one-half  the 
minimum  stirrup  spacing.  In  order  to  secure  good  T-beam 
action,  the  web  and  flange  will  be  tied  together  with  vertical 
stirrups  placed  about  18  in.  on  centers  and  looped  about  the  lower 
rods  for  the  center  half  of  beam. 

The  bars  bent  over  the  support  should  run  to  the  third  point 
of  the  adjoining  span  to  provide  thoroughly  for  negative  moment. 
The  allowable  stress  in  the  compression  rods  at  the  support  is 
715  X 15  =  10,725  lb.  per  square  inch,  and  the  necessary  length  for 

bond  of  |-in.  round  rods  is        V4Wqo(        =25  in.     This  length 

is  shown  in  Fig.  53. 

[Procedure  using  Diagrams. — For  the  dimensions  of  T-beams 
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M  t 

chosen,  ,  „  =  41.3  and  ^  =  0.19.     Diagram  8  shows /c  =  370  lb. 

per  square  mch  and  j  =  0.92.    Then 

1,050,000  _  . 

^•~(16,600)(0.92)(23.5)"''^-^^-^^- 

At  the  supports   ,  =0.149  and  p  =  p'  =  0.0128.    For  no  com- 

.  .  ,    IT    ^       1,050,000      ,^^      ^. 

pressive  reinforcement,  ^=^^2~7ToS('oq  k\2  =  190.     Diagram  1 

shows  the  stress  in  the  concrete  to  be  much  above  800,  and  it 
will  be  necessary  to  employ  Diagram  2  and  do  some  computing. 
For  p  =  0.0128,  j  =  0.848  and  k  =  0.457.    Then 

.  1,050,000  i^rr/xniu  •       u 

^•  =  (0.0128)(0.848)(10)(23.5>  =  ^^'^^'^-P"''^^^'"^'^'^- 
.      (2)(17,50Q)(0.0128)     ^^^ ,,  .     , 

•'*'  ~  0  4*^7  P^'*  square  inch. 

The  problem  is  now  to  find  what  stress  results  in  the  concrete 

after  the  introduction  of  1.28  per  cent  of  compressive  steel;  also, 

what  stress  results  in  the  tensile  steel. 

J/ 

Using  Diagram  10  for  ,  =0. 149  and  7?'  =  p  =  0.0128,  the  rela- 
tive reduction  in  the  stress  in  the  concrete  is  found  to  be  27 
per  cent,  or  the  resulting  stress  equals  (0.73)  (982)  =  716  lb. 
per  square  inch.  Using  Diagram  11,  the  relative  reduction  in 
the  stress  in  the  tensile  steel  is  about  2  per  cent;  that  is,  the  maxi- 
mum tension  in  the  steel  is  17,100  lb.  per  square  inch.] 

The  method  of  designing  the  above  beam  using  6  rods  will 
now  be  explained.  Four  |-in.  round  rods  and  two  f-in.  round 
rods  will  give  the  required  area  of  3.02  sq.  in. 
The  arrangement  shown  in  Fig.  56  will  be  f^ 


a   b 
'is*  ^  Ky 


■V* 


adopted. 

The  3  rods  in  the  upper  row  will  be  bent 
up  and  lap  over  supports  as  shown  in  Fig.  57.  |'^ 

The  other  3  will  lap  over  support  at   the  p^^   ^^ 

bottom  of  beam.     The  bond  stress  along  the 
6  rods  at  the  top  of  beam  near  support 

25,000  _ 

^"[(4)(2.749)  +  (2)(l. 964)1(0. 85)(23. 5)"^^^*^'*  ®^^^''^^^^*^- 
The  allowable  bond  stress  could  be  increased  about  30  per  cent 
for  the  arrangement  of  rods  shown  in  Fig.  57. 
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The  first  |-in.  rod  may  be  bent  at 

2iri_    /(8)(0.^07) 
2[^     \(12)(3.02) 
The  next  two  |-in.  rods  may  be  bent  at 


12=93  in.  from  center  of  support, 
may  be  bent  at 

^l\  ^  '^nlvl)  P=  ^^  *°-  f""**™  <'®"*®'"  °^  support. 


N 


CdCAC^ 


A 


li 


-CACAC 


than 


FiQ.  57. 

The  two  |-in.  rods  may  be  bent  down  at  a  distance  not  less 
^02        of  ^  =  33  in.  from  the  center  of  support,  and 

the  f-in.  rod  at  J  of  «  =42  in.  from  the  same  point. 


X,  '8Z'- 


Fig.  58. 

The  points  to  bend  rods  at  the  top  of  beam  control  the  location 
of  the  bends  of  the  two  |-in.  rods.  The  f-in.  rod  will  be  so 
placed  as  to  take  the  greatest  possible  amount  of  diagonal  tension. 
(See  Fig.  58.)     The  spacing  of  stirrups,  and  the  distance  from 


FLOORS 


87 


the  center  of  support  to  the  point  where  stirrups  are  not  necessary, 
may  be  found  in  the  same  manner  as  before. 

If  desired,  the  cross-beam  may  be  designed  using  only  4 
rods.  Four  J-in.  square  rods  will  give  an  area  of  3.06  sq.  in. 
which  is  only  slightly  more  than  is  required.  These  rods  will 
all  be  placed  in  one  row  as  shown  in  Fig.  59.^  Fig.  60  shows  the 
complete  design.  Stirrups  are  provided  to  take  all  the  diagonal 
tension — the  strengthening  action  of  the  bent  rods 
not  being  considered.  The  student  should  be  able  to  | 
check  this  design  by  the  method  outlined  above.  It 
should  be  noted,  however,  that  the  design  is  not  con- 
servative with  respect  to  the  negative-tension  rein-  ^'i^^t^ors 
f orcement,  since  the  upper  rods  run  only  to  the  fourth 
point  and  the  curve  for  negative  moment  has  not  been 
considered  in  bending  down  the  rods.  (See  Page  162,  Volume  I.) 
Nevertheless  a  design  of  this  kind  is  generally  considered  good. 
In  fact,  it  is  all  that  is  desired  under  ordinary  conditions  in  roof 
design  because  of  the  character  and  amount  of  the  live  load. 

Of  course,  the  student  should  realize  that  some  latitude  may 
generally  be  allowed  in  that  part  of  beam  design  referred  to 


'^••:^-;'i>^i' 
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Fig.  59. 
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Fig.  60. 


4f°Aar^ 


above,  on  account  of  the  improbability  of  obtaining  maximum 
conditions,  but  it  is  a  good  idea  to  have  some  conservative  plan 
in  mind,  as  suggested  in  Volume  I,  and  to  live  up  to  that  plan  as 
nearly  as  circumstances  will  permit.  At  any  rate,  designs  should 
never  become  so  radical  as  to  include  rods  bent  up  close  to  the 
support  in  the  computations  for  negative  reinforcement. 

Fig.  61  shows  a  common  continuous-beam  design  using  sepa- 

^The  beam  ia  slightly    narrow   according   to    the   rod  spacing  recommendod  by    the 
Joint  Committee. 
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rate  straight  rods  over  the  supports.     All  the  diagonal  tensile 
stresses  are  cared  for  by  vertical  stirrups. 

Girder, — The  girder  has  a  span  of  21  ft.  with  concentrated 
loads  at  the  third  points.  The  weight  of  the  stem  will  be  as- 
sumed at  500  lb.  per  linear  foot.  Reaction  of  concentrated 
loads =2X25,000  =  50,000  lb. 


S'-3' 


4-1 


■i"f;-"is:^P'qr 


liiH 


rfert 


Fig.  61. 
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'lOf^ 


^^rs^"^^- 


'^4-f''l?ars 


Maximum  moment  of  concentrated  loads  with  ends  of  beam 
simply  supported  would  be 

(50,000)(7)(12)  =4,200,000  in.-lb. 

Taking  Af  =  .^j  ^^^^  moment  reduces  to 

3(4,200,000)  =  2,800,000  in.-lb. 

Moment  of  dead  load=  220,500  in.-lb. 
Total  moment  =  3,020,500  in.-lb. 

This  moment  is  fairly  exact  although  the  unsymmetrically  dis- 
tributed weight  of  a  small  portion  of  the  floor  slab  with  its  live 
load  which  bears  directly  upon  the  girder  has  not  been  correctly 
considered. 
By  the  method  suggested  in  Art.  57  of  Volume  I,  the  beam  may 


be  considered  as  uniformly  loaded  with 


(50,000)  (3) 
21 


+500  =  7640 


lb.  per  linear  foot.     The  bending  moment  corresponding  equals 
3,370,000  less  ten  per  cent,  or  3,033,000  in.-lb.     This  moment 
will  be  employed  in  the  computations  which  follow. 
The  total  maximum  shear 


55,300 


V  =  50,000+ 10.5(500)  =  55,300  lb. 
The  cross-section  of  web  as  determined  by  shear=^^^Yoi~^~^'^'^ 
sq.  in.     Using  the  formula  for  economical  depths,  we  have 
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6'  d  b'xd 

12  in 33. 1  in.  397  sq.  in. 

14  in 30.8  in.  431  sq.  in. 

15  in 29.8  in.  447  sq.  in. 

16  in 29.0  in.  464  sq.  in. 


It  is  quite  probable  that  a  breadth  of  12  in.  will  give  proper  rod 

527 
spacing,  but  the  corresponding  depth  of  t^  "^^^  ^^'  ^^  likely  to 

be  too  great  when  the  cost  of  columns  and  walls  is  taken  into 
consideration.^  Besides,  the  depth  would  be  great  in  proportion 
to  the  breadth  of  stem  and  would  be  relatively  weak  at  the  junc- 
tion of  stem  and  flange.  Illumination  from  windows  must  also 
be  considered.  The  following  cross-section  wjjl  be  taken  as 
satisfactory :  \ar         4^  - 

6' =  15  in.  d  =  32iin. 

The  breadth  of  the  flange  of  the  T-beam  is  controlled  in  this 
case  by  eight  times  the  thickness  of  slab  plus  the  width  of  stem, 
or  51  in.     Then 

M_   3,033,000  __.  . 

W2-(51)(3"2.5)2~^^-^ 

M  t      4.5 

For  this  value  of  ,  ,2  and  for  ^— 00  «s~^'^^'  Diagram  8  shows 

fc  =  550  lb.  per  square  inch,  and  j  =  0.93.     Then 
3,033,000  _  . 

^*^(16,000)(0.93)(32.5)'"^'^  ^^- *^' 

Eight  1-in.  round  rods  (total  area  6.28  sq.  in.)  will  be  chosen. 
The  bond  stress  along  the  8  rods  at  the  top  of  beam  close  to  the 
support, 

55,300  .^,,  .     , 

^=(8)(3.  r4)(0.85)(3275r  ^^  '^-  P"'  '^^^'"  '""'^ 
which  is  satisfactory. 


^  In  order  to  include  the  effect  of  columns  and  walla  in  the  formula  d  *■  \  /       +  »'    ^^^ 

determine  the  total  horisontal  area  covered  by  the  stems  of  the  T-beama  under  considera- 
tion and  the  total  horisontal  sectional  area  of  the  columns  and  walls  at  the  level  of  the 
beams.  If  the  cost  per  cubic  foot  of  the  columns  and  walls  is  greater  or  lees  than  the 
cost  per  cubic  foot  of  the  T-beam  stems,  increase  or  decrease  their  urea  in  proportion  to 
the  difference  in  cost.  Then  increase  the  cost  per  cubic  foot  of  the  T-bcam  stems  in  the 
ratio  which  the  total  corrected  area  bears  to  the  area  of  the  T-beam  stems  in  order  to 
obtain  the  unit  cost  c  which  is  used  to  determine  the  ratio  r. 
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Fig.  62  shows  sketch  of  adopted  cross-section.     The  weight  of 

the  stem  is 

(15)(31.5)(150)      .^^„  ,.  .    ^ 

. .  =492  lb.  per  hnear  foot 

and  the  value  assumed  is  on  the  safe  side. 
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Cross- section  of  Girder 
Fig.  62. 
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The  rods  at  the  top  of  girder  over  supporting  columns  will  be 
placed  as  shown  in  Fig.  63  in  order  to  fit  in  nicely  with  the  cross- 
beam rods.  It  should  be  noticed  that  the  value  of  d  at  the  support 
is  33.5  in.,  or  1  in.  more  than  at  the  center  of  span.     Then 

d'^  2.5 
d     33.5" 
6^28 

^  "(15)  (33.5)' 


=  0.075 

=  0.0125 


p'  =  0.5p  (see  Fig.  64) 
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The  following  values  are  obtained  from  Table  11,  Part  1 : 

L= 0.244 

K=o.oni 

Then 

3,033,000 
(15)(33.5)»(0.244)' 

3,033,000 
(15)(33.5)«(0.0111)' 
These  values  will  be  considered  satisfactory. 

It  is  proposed  to  have  bent  rods  take  as  much  of  the  diagonal 
tension  as  possible.  The  total  maximum  shear  =  55,300  lb.  The 
shear  on  the  support  side  of  the  third  point  =  55,300—500  (7)  = 
51,800  lb.     On  the  side  of  the  third  point  toward  the  center  of 


y  VajMrntjew 


/.=  , 


^  =  740  lb.  per  square  inch. 
.  =  16,200  lb.  per  square  inch. 


ElevaTion 
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H 


Plan 
(Bent  bars  not  shown) 

Fia.  64. 

span,  the  shear  =  51 ,800 -  50,000  =  1800  lb.,  or  t;  =  4  lb.  per  square 
inch.  Thus,  web  reinforcement  is  needed  only  from  the  sup- 
port to  the  point  where  the  beam  intersects  the  girder. 

Horizontal  shear  (measures  diagonal  tension)  at  the  support 
F_      55,300 
jd     (0.85)  (33.5)' 
and  at  the  third  point,  it  is 

51,800  t^OAlU  1-  •        u 

(6.93)(32:5)  =  ^^201b.perlmearmch. 


=  1950  lb.  per  linear  inch 


\ 
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The  total  diagonal  tension  is  represented  by  a  trapezoid,  the 
parallel  sides  of  which  are  1950  lb.  and  1720  lb.,  and  the  length 
7  ft.     Hence,  total  diagonal  tension  is 

1950+1720(^^^(^2)  =  154,100  lb.         ' 

Two-thirds  of  this  amount,  or  102,700  lb.,  will  be  taken  by  the  web 
reinforcement.     If  six  rods  are  to  be  bent,  their  tensile  value  is 
(6)(0.785)(16,000)^j^g^^j^ 

which  is  in  excess  of  the  stress  to  be  provided  for. 

Now  shear  is  nearly  uniform  between  the  supports  and  the 
third  point,  and,  as  far  as  diagonal  tension  is  concerned,  it  would 
be  sufficiently  accurate  to  give  equal  spacing  to  the  inclined  rods. 
Since  the  size  of  columns  is  not  given,  an  18-in.  diameter  of  column 
will  be  considered.  The  spacing  suggested  above,  then,  would  be 
taken  between  a  point  9  in.  from  the  center  of  support  (that  is, 
at  the  edge  of  column)  and  a  point  where  the  center  of  the  beam 
intersects  the  girder.  The  plan  proposed  is  to  bend  6  rods,  two 
at  a  time,  and  the  points  to  bend  for  diagonal  tension  should  be 
laid  oflf  on  a  line  approximately  midway  between  the  neutral  axes 
for  positive  and  negative  moment — ^s  MMy  Fig.  64.  These 
points  (1,  2,  and  3)  may  be  determined  by  dividing  the  distance 
mentioned  above  into  three  equal  parts  and  locating  a  point  at 
the  center  of  each  part. 

An  investigation  must  now  be  made  to  determine  whether  or 
not  the  tensile  stresses  in  the  beam  will  permit  the  bending  of  the 
rods  as  above  suggested.  From  a  study  of  moment  curves  of 
continuous  beams  loaded  at  the  third  points,  for  different  condi- 
tions, it  is  found  sufficiently  on  the  safe  side,  as  regards  bending 
up  rods,  to  consider  the  point  of  zero  moment  to  occur  at  a  dis- 
tance §  of  «  from  the  third  point  measured  toward  the  support. 

(A  study  of  this  kind  will  be  presented  in  Art.  68.)  Also,  when 
considering  the  bending  down  of  rods,  the  same  distance,  or  f  of 

„  (56  in.  in  this  case),  may  be  safely  taken  as  the  distance  out  from 

the  support  to  the  point  of  zero  moment.  The  curve  of  bending 
moments  in  each  case  is  to  all  practical  purposes  a  straight  line. 
Thus,  the  point  where  the  first  2  rods  may  be  bent  up,  using 

the  above  data,  is  about      ^       =14  in.  from  the  center  of  the 
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intersection  of  the  cross-beams.     Allowing  say  4  in.  beyond  the 
theoretical  point  for  bending,  this  distance  becomes  18  in. 

As  regards  diagonal  tension,  the  rod  to  intersect  the  center  line 
at  point  1  should  be  bent  at  r,  as  shown  by  the  dotted  line. 
Since  rods  cannot  be  bent  at  r,  stirrups  will  be  employed  to  take 
the  diagonal  tension  between  the  bent  rods  and  the  cross-beam. 
(Stirrups  will  also  be  placed  at  occasional  intervals  throughout 
the  girder  to  bind  together  the  web  and  flange.)  Round  rods 
of  i-in.  diameter  may  be  used  for  stirrups  if  bent  at  the  upper 
end.  The  tensile  value  of  each  stirrup  (U-shape)  is  (2)  (0.196) 
(16,000)  =6270  lb.  The  shear  to  be  provided  for  in  1-in. 
length  of  beam  is  1720  lb.  and  it  will  be  necessary  to  space  the 

stirrups  i72o~^'^  ^^'*  ^^^  ^^  ^^''  ^P^^^  ^^  shown  in  Fig.  64. 

It  should  be  noticed  that  in  bending  up  the  lower  rods  attention 
should  be  paid  to  the  points  where  the  upper  rods  may  be  bent 
down.  In  the  design  at  hand,  using  45  degree  angle  bends,  the 
rods"  may  be  bent  approximately  as  planned  and  the  design  will 
be  accepted.  The  horizontal  spacing  of  the  bent  rods  should 
not  be  greater  than  the  distance  between  points  1  and  2,  or 
between  points  2  and  3,  unless  stirrups  are  provided  where  such 
spacing  occurs. 

The  rods  at  the  top  of  girder  should  extend  each  side  of  the 
center  of  support  far  enough  to  obtain  their  full  strength  in  bond, 
which  is  50  in. 

The  maximum  stress  in  the  compression  rods  at  the  support  is 
740X15  =  11,100  lb.  per  square  inch.     The  necessary  length  for 

bond  of  1-in.  rods  is    /^wonv  =35  in.,  say  36  in.     This  length  is 

is  shown  in  Fig.  64. 

The  top  of  the  slab  over  the  girder  will  be  reinforced  trans- 
versely with  f-in.  rods  spaced  12  in.  center  to  center,  in  order  to 
provide  for  the  negative  bending  moment  produced  with  the 
bending  of  the  slab  next  to  the  girder. 

Plates  V  to  VIII  inclusive  give  different  complete  designs  for 
the  21-ft.  by  21-ft.  floor  bay  in  question.  If  desired,  all  the 
cross-beam  and  girder  reinforcement  may  be  made  into  frames, 
except  the  cross-beam  reinforcement  running  into  columns  in 
the  designs  of  Plates  V  and  VII.  Even  for  these  beams,  however, 
the  stirrups  may  be  rigidly  spaced  if  wired  at  the  upper  turns  to 
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longitudinal  rods  of  small  diameter.  After  the  stirrup  steel  is 
suspended  in  the  forms,  the  bent  rods  can  then  be  easily  slipped 
in  place  and  wired. 

Fig.  65  and  Plate  VI  show  a  girder  design  such  that  both 
girder  and  cross-beam  reinforcement  may  be  built  into  frames. 
In  the  arrangement  shown,  the  girder  frames  (with  the  exception 
of  the  rods  over  supports)  would  be  put  in  place  first,  then  the 
cross-beam  frames  running  into  columns,  next  the  negative 
tension  rods  of  the  girders,  and  finally  the  two  intermediate 
cross-beam  frames.  The  arrangement  as  regards  strength  is 
not  as  ideal  as  in  the  girder  design  of  Plates  V,  VII,  and  VIII 
since  the  bent-up  rods  do  not  extend  over  supports,  but  in  the 
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Fig.  65. 


design  shown  there  is  a  surplus  of  diagonal-tension  reinforce- 
ment which  offsets  this  weakness.  To  be  sure  the  bent  rods  are 
anchored  by  transverse  rods  placed  between  layers  of  steel,  but 
the  danger  lies  in  the  liability  of  these  bars  to  slip  horizontally 
when  a  force  inclined  to  the  vertical  is  exerted  upon  them.  It 
seems  to  the  writer,  however,  that  the  additional  amount  of 
diagonal-tension  reinforcement  over  and  above  that  figured 
will  make  the  design  a  safe  one.  The  liability  to  slip  applies 
more  especially  to  the  lower  transverse  rods,  as  the  upper  rods  are 
long  and  well  anchored  in  the  slab. 

If  the  cross-beam  steel  in  Plate  VII  could  have  been  placed 
over  the  top  of  the  girder  steel  at  columns,  then  all  reinforcement 
shown  on  this  plate  could  have  been  made  up  into  frames  before 
being  placed  in  the  forms.     The  reason  why  the  cross-beam  rods 


J 
J 
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were  not  placed  above  the  girder  rods  in  the  design  in  question 
was  because  the  cross-beam  rods  would  then  interfere  with  the 
main  reinforcement  of  the  slab.  To  prevent  this,  the  girder 
rods  over  supports  would  need  to  be  lowered  and  this  could  not 
be  accomplished  in  the  design  in  question  because  of  the  com- 
pressive stress  in  the  concrete  being  already  a  maximum  at  this 
point.  It  could  be  accomplished,  however,  by  either  forming  a 
flat  haunch,  by  inserting  extra  compressive  steel,  or  by  deepening 
the  girder.  A  similar  cross-beam  design  to  that  shown  on  Plate 
VII,  but  where  the  upper  reinforcement  passes  over  the  top  of 
the  girder  steel  at  columns,  will  be  given  in  Art.  38  in  connection 
with  the  design  of  an  interior  roof  bay. 

Placing  of  the  reinforcement  in  the  forms  in  frames  insures 
accurate  location  of  all  steel.  If  a  loose  rod  method  is  used, 
great  care  is  required  in  construction  to  make  sure  that  the  steel 
is  not  disturbed  during  the  pouring  of  the  concrete.  Usually 
small  diameter  rods  are  needed  to  make  the  frames,  in  addition 
to  the  main  reinforcement. 

The  placing  of  inverted  stirrups  near  the  supports  has  not  been 
considered  in  the  above  discussion.  These  are  placed  after  all 
other  reinforcement  is  in  its  proper  position  and  are  slipped 
down  over  the  negative-tension  steel  and  wired  to  it.  The 
continuous  stirrup  shown  in  some  of  the  designs  is  convenient 
for  this  purpose.  In  schemes  3  and  4  the  continuous  stirrup  is 
also  used  in  place  of  some  of  the  upright  U-stirrups. 

Spacing  rods  should  be  placed  in  all  beams  and  girders  between 
the  upper  and  lower  rows  of  steel.  These  are  plain  rods  of  the 
desired  size  and  should  be  placed  transversely  not  more  than 
5  ft.  on  centers.  Special  frame  supports  may  be  provided,  if 
desired,  or  U-shaped  stirrups  may  be  employed  if  the  length  of 
hook  is  made  sufficient  to  permit  the  stirrups  to  rest  on  the  slab 
form.  If  special  supports  are  used,  they  should  be  spaced  about 
5  ft.  on  centers.  In  the  steel  schedules  given,  special  frame 
supports  and  spacing  rods  are  omitted  for  simplicity. 

The  width  of  stirrups  is  given  in  the  bending  schedules  as 
the  clear  width  inside  of  the  outer  strands,  and  the  vertical 
height  is  given  inside  the  turns.  A  little  thought  will  make  clear 
that  these  are  the  dimensions  needed  in  bending. 

In  the  building  design  to  follow,  the  steel  arrangement  on 
Plate  V  is  employed.  As  already  explained  this  is  not  entirely  a 
frame  system,  but  it  is  thought  that  the  design  is  so  much 
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superior  to  that  shown  on  Plates  VI,  VII,*  and  VIII  that  the 
inconvenience  of  using  8  rods  in  the  cross-beam  and  placing 
some  of  the  rods  loose  will  be  more  than  offset  by  the  ideal 
conditions  as  regards  strength  obtained  in  both  cross-beam  and 
girder.  The  cross-beam  reinforcement  could  be  made  up  into 
frames  in  some  such  manner  as  illustrated  in  Fig.  66.  The 
girder  steel  could  be  arranged  in  a  somewhat  similar  fashion. 


Fig.  66. 

The  writer  realizes  that  the  frames  employed  would  be  long  and 
heavy  and  that  they  would  need  to  be  built  close  to  the  forms  in 
which  they  would  be  placed,  but  it  would  seem  that  any  in- 
convenience in  the  placing  of  the  frames  would  also  be  offset  by 
the  excellence  of  the  design. 


Problem 

5.  Make  a  complete  design  of  an  interior  floor  bay  with  a  1-in.  granolithic 
finish  to  support  a  live  load  of  200  lb.  per  square  foot,  columns  to  be 
spaced  18  ft.  by  20  ft.  on  centers.  The  girders  are  to  span  18  ft.  and  the 
distance  between  centers  of  cross-beams  is  to  be  made  6  ft.  Use  work- 
ing stresses  recommended  by  the  Joint  Committee  for  a  2000-lb.  concrete 
and  arrange  details  as  shown  in  illustrative  designs.  Assume  plain 
round  rods  of  medium  steel.  Take  ratio  of  unit  cost  of  steel  in  place  to 
cost  of  concrete  in  place,  r=60.  The  1-in.  finish  is  not  to  be  included 
as  a  part  of  the  effective  slab  thickness  and  its  weight  is  to  be  added  to 
the  dead  load  of  slab. 


Design  of  Floor  Bay — One-way  Hollow  Tile 

Design  an  interior  panel  of  a  one-way  hollow  tile  floor  to  carry  a 
live  load  of  100  lb.  per  square  foot  with  the  rows  of  girders  spaced 


FLOORS  105 

21  ft.  on  centers.  As  in  the  preceding  design,  the  recommenda- 
tions of  the  Joint  Committee  will  be  followed  for  a  2000-lb.  con- 
crete. The  ratio  of  the  unit  cost  of  steel  in  place  to  unit  cost  of 
concrete  in  place  (r)  will  be  taken  at  70,  with  20  cents  as  the 
cost  of  concrete  per  cubic  foot. 

The  finished  flooring  will  consist  of  |-in.  maple  boards  nailed 
to  2  X3-in.  sleepers.  The  sleepers  will  be  placed  on  the  concrete 
slab  and  cinder  concrete  in  proportions  1:3:6  filled  in  between 
them.  The  following  weights  will  be  taken  in  pounds  per  square 
foot  of  floor  area:  wooden  floor,  5;  sleepers  or  nailing  strips,  2; 
concrete  filling,  15;  plaster,  5. 

Ribs  4  in.  wide  will  be  assumed  making  a  16-in.  width  of  flange 
for  the  small  T-beams.  The  concrete  topping  will  be  made  2  in. 
If  a  9-in.  tile  is  assumed,  the  total  load  per  linear  foot  of  beam  will 
be  274  lb.,  made  up  of  the  following  items: 

live  load  =  100  X  {2  =133  lb. 

4 
wood  floor  =     5X  0=     7  1b. 

4 
sleepers  =     2X  ^=  .  3  lb. 

4 
concrete  filling  =   15  X  «=   201b. 

4 
concrete  topping  =  25X  ^=  33  1b. 

tile  =  33  lb. 

stem=^^^^^^^   (150)=  381b. 

4 
plaster  =     5X  ^=     7  lb. 

Total     =274  lb. 
The  bending  moment, 

,^^.i^^(274)(2lK21)(I2)^j21.000in.-lb. 

The  economical  depth  of  floor  now  needs  to  be  determined. 
Using  the  same  notation  as  in  Art.  60  of  Volume  I  and,  in  addition, 
using  the  term  ct  to  represent  the  variation  in  cost  of  tile  in  place 
per  1-in.  change  in  depth,  we  have 

C  =  cb'd'+  ^^-  rc+d'ct 
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as  the  total  cost  of  the  small  T-beams  per  unit  length.  The  fol- 
lowing expression  has  been  deduced  from  the  preceding  equation 
by  the  aid  of  the  Calculus  and  will  give  the  value  of  d  for  minimum 
cost  when  the  value  of  6'  is  fixed: 


^"  %//.(&' 


CcTM  .t 

Cc+lUct)     2 


The  term  Cc  in  this  formula  means  the  cost  of  concrete  per  cubic 
foot.     A  value  of  IJ  cents  will  be  given  to  ct.     Then 


'-4 


(20)(70)(121,000)     2^ 
(16,000)  (260)     "^2     ^•^^^* 


The  effective  depth  d  must  be  taken  so  as  to  provide  for  a 
commercial  depth  of  tile.  A  T^-in.  effective  depth  will  be  tried 
with  a  IJ-in.  fireproof  covering  below  the  center  of  steel.  This 
assumption  would  permit  of  a  7-in.  tile. 

Proceeding  with  the  design,  however,  we  find  that 

M  _    121,000  _^_ 

6d»""(16)(7.5)2"^'^^ 
t       2      ^  ^„ 
and  d=7.5  =  ^-2^ 

Diagram  8  shows  the  stress  in  the  concrete  to  be  above  650  lb. 
per  square  inch,  which  cannot  be  allowed.  By  trial  it  is  found 
that  a  9^-in.  effective  depth  is  needed  to  bring  the  concrete  stress 
to  an  allowable  value.     For  this  depth, 

M  _    121,000  ^ 

6d2-(i6)(9.5)2~^^-^ 

From  Diagram  8,  j  =  0.91 .     Then 
121  000 
^*=(16,000)(0.91)(9.5)  =  ^-^^^'^'''- 
Two  J-in.  round  rods  will  be  employed  in  each  rib — one  will  lie 
straight  and  the  other  will  be  bent  up  at  both  ends  and  extend 
along  the  top  of  beam  to  the  quarter  point  of  the  adjoining  span. 
This  arrangement  will  give  the  same  steel  over  supports  as  in  the 
center  of  span. 

The  total  shear  close  to  support 

F=  (274X21) ^2880  lb. 

The  bond  along  the  two  rods  at  the  top  over  supports 
2880 
"=  (2)(2.36)(0.8'5)(9.5)=-'^^  ^^-  ^^'  '^"*'"  '""^- 
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The  distance  from  the  support  to  where  stirrups  are  unnecessary 

21     (40)(4)(0.91)(9.5)_ 
a:i=  2  ""  274  =5.4  tt.  =  oo  in. 

All  the  diagonal  tension  not  taken  by  the  concrete  will  be  pro- 
vided for  by  vertical  stirrups;  in  other  words,  the  strengthening 
action  of  the  bent  rod  will  not  be  considered.  Round  stirrups 
J-in.  diameter  will  be  employed,  bent  at  the  ends.  Stirrup  spac- 
ing near  the  support 

3  (0.049)(2)(16,000)(0.85)(9.5)     ^,  . 
'  =  2*  2880  ^^^'""^ 

The  spacing  adpted  is  shown  in  Plate  IX. 

The  moment,  shear,  and  bond  considerations  given  above  do 
not  take  into  account  the  strengthening  action  of  the  flange  of 
the  T-shaped  girders,  and  allowance  may  be  made  for  this  when 
thought  necessary.  It  is  quite  evident  that  the  concrete  is  not 
over-stressed  in  compression  over  supports,  but  the  stress  at  the 
edge  of  girder  flange  should  be  investigated.  For  the  width  of 
girder  flange  shown  in  Plate  IX,  the  bending  moment  may  be 
taken  at  ^  (121,000)  =  104,000  in.-lb.  This  value  is  obtained  by 
considering  the  point  of  zero  moment  at  the  third  point. 

0  88 
P'  =  P  =  (4)(9.5)  =  <^-«23 

Table  11,  Part  2,  shows  L  =  0.374  and  K  =  0.0195.     Then 
.  104,000  __„  .     , 

■^'^^  (4)(9. 5)^0. 374)  "'^'^  ^^^  ^^^^^®  ^^ 

^'  =  (4)(9^5^hTo195)  =  ^^^^^  '^-  P^'  "^^^'^  ^^"'^• 

/12\ 
The  load  on  the  floor  is  (274)  U  /^ )  =  205  lb.  per  square  foot,  and 

the  girder  therefore  carries  a  load  of  (205)  (21)  =4300  lb.  per 
linear  foot,  to  which  should  be  added  the  weight  of  the  girder 
itself.  This  weight  will  be  assumed  at  360  lb.  making  a  total 
load,  which  may  be  considered  uniform,  of  4660  lb.  per  linear 
foot.     The  bending  moment 

^j4660)C21)(21)a2)^2^^^^^^.^_,j^ 

Assume  the  total  depth  of  girder  to  be  limited  to  36  in.,  effective 
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depth  to  32^  in.     Then  j  =  oo  c=0-34.     Diagram  8  shows  that, 

t  M 

for  ^  =  0.34  and /c  =  650,  j^^2  =  107,  or 

2,055,000  __ 
^"(32.5)»(107)"^^-'^'''- 

An  arbitrary  value  of  24  in.  will  be  adopted  for  6,  which  makes 

M 

,  ,,  =  81.     Diagram  8  shows  the  neutral  axis  to  lie  in  the  flange. 

Table  3  or  Diagram  1  shows  p  =  0.0057,  or 

as  =  (0.0057)  (24)  (32.5)  =4.4  sq.  in. 
Eight  I -in.  round  rods  will  be  selected,  with  a  total  area  of 
4.81  sq.  in.  The  width  of  stem  will  be  made  14  in.  to  provide 
properly  for  shear.  The  remaining  computations  for  stresses 
in  the  steel  and  concrete  at  the  support,  and  for  shear  and  bond, 
are  similar  in  every  way  to  those  given  under  cross-beam  design 
in  two-intermediate  beam  construction.  In  Plate  IX  an  18-in. 
column  is  assumed  for  convenience. 

As  in  solid  concrete  floors,  the  proper  depth  for  girders  in  hollow- 
tile  construction  depends  upon  the  use  to  which  the  building  is 
to  be  put,  and  the  cost  of  all  columns  and  walls  in  the  building 
per  unit  increase  in  height.  The  cost  of  form  work  should  also  re- 
ceive attention.  Of  course,  as  regards  the  materials  in  the  girder 
itself,  cost  decreases  with  depth.  The  problem  resolves  itself 
into  finding  the  limiting  depth  of  the  girder  in  view  of  the  many 
conditions  which  must  be  considered.  Very  often  a  perfectly 
flat  ceiling  is  desired,  and  very  wide  girders  must  then  result. 

The  following  table. has  been  prepared  to  simplify  the  computa- 
tions in  the  design  of  the  small  T-beams  of  a  hollow-tile  floor. 
The  table  shows  at  a  glance,  for  any  given  thickness  of  concrete 
topping,  the  minimum  depth  of  tile  needed  for  any  given  bending 
moment,  and  the  corresponding  steel  area  required.  Greater 
depths  of  tile  may  sometimes  prove  more  economical. 

It  is  quite  evident  from  a  study  of  the  table  that  different 
thicknesses  of  concrete  topping  should  be  considered  in  order  to 
arrive  at  the  most  economical  design.  When  the  rib  width  does 
not  change  in  the  economical  considerations,  the  economy  of  the 
various  designs  may  be  based  on  the  cost  per  foot  length  of  floor 
having  a  width,  the  distance  center  to  center  of  ribs;  but  when 
the  steel  area  is  such  that  the  width  of  rib  varies,  the  economy 
of  the  designs  should  be  based  on  the  cost  per  square  foot  of 
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floor.     For  practice,  the  student  should  work  through  similar 
computations  to  the  foregoing  using  3-in.  and  4-in.  toppings. 
TABLE  FOR  HOLLOW  TILE  FLOORS 

Based  on  fc  »  650;  /«  «  16.000;  n  -  15 
( 1  i  in.  allowed  from  center  of  Bteel  to  bottom  of  slab) 

I         Bending  moments  and  steel  areas  for  various  depths  of  tile  and  concrete 
^  (Moments  in  thousands  of  inch  pounds;  steel  areas  in  square  inches) 

S    .  „ „.         _  „        

,2  4-in.  nb 

^  ;  For  any  other  width  of  rib  multiply  all  values  in  table  by  distance  center  to 

'3  center  of  ribs  and  divide  by  Id 

o  "  ^     -     ^  -       - 

^  Thickness  of  concrete  topping  (inches) 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 


27/ 

/ 
/0.49 


35/ 

/ 
/0.55 


43/ 

/ 
/0.62 


52/ 

/ 
/0.68 


41/ 

/ 
/0.58 


52/ 

/ 
/0.68 


69/         ,     72/ 

/  / 

/0.74  /0.80 


84/ 

/ 
/0.86 


56/  71/  84/  96/  llO/         !   124/ 

6        /  /  /./!/'/ 


/0.65 

/0.78 

/0.86 

/0.92 

/0.98 

/1. 04 

7 

71/ 
/0.70 

7 

/0.84 

107/ 

/ 
/0.96 

124/ 
1     /l.04 

• 
139/ 

/lAO 

!    155/ 

• 
172/ 

/l.23 

. 

1   • 

•               '    • 

86/ 


110/  131/         ,   152/         I   171/  189/ 

^        /  /  /  /  /  I      / 

/0.73     I     /0.90  /1.03     ,     /1.14  /1.23     I     /l.2 


208/  227/ 


/. 


35  /1.41 


104/ 

9         / 
/0.76 


130/ 

/ 
/0.94 


156/ 

/ 
/1.09 


181/ 

/ 
/1.21 


204/  226/ 

/  / 

/1.32  /1.41 


248/  268/ 

/  / 

/1.48  /1.53 


117/         '    150/  181/  210/  238/  243/  290/ 

10        /      .     I      /  /  /  /  /  I       / 

.      /0.78  /0.98  /1.14  /1.28  /l.40  /l.51  /l.59  /1.67 


314/ 


147/  190/  231/  269/  309/  340/  374/ 

12         /  /  /  /  /  /  /  ^. 

/0.81  /I. 03  /1.22  /1.38  /l.52  /l.65  /l.77     '     /l.87 


407/ 


*  Neutral  axis  in  flange. 
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Problem 

6.  Design  an  interior  panel  of  a  one-way  hollowtile  floor  to  cany  a  live 
load  of  120  lb.  per  square  foot  with  the  girders  spaced  19  ft.  on  centers. 
Use  same  unit  stresses  and  same  floor  construction  as  in  the  design  given 
in  the  text.  Make  the  concrete  topping  2}  in.  thick  and  use  4-in.  ribs  for 
the  small  T-beams.  Employ  an  economical  stem  for  the  T-girders  and 
choose  an  arbitrary  value  of  36  in.  for  the  breadth  of  flange. 


18.  Cantilever  Flat-slab  Constructioii. — The  cantilever  flat- 
slab  type  of  floor  construction  was  originally  introduced  by  Mr. 
C.  A.  P.  Turner  of  Minneapolis.  The  construction  consists  of 
columns  and  a  floor  slab,  without  beams  or  girders.  The  loads 
are  transmitted  from  the  floor  slab  directly  to  the  columns,  the 


^^  Oia^onal  band 


Hoops 


Capital 

Fig.  67. — Mushroom  system. 

head  of  the  column  being  curved  out  at  the  top  to  increase  the 
circumference  at  the  line  of  maximum  stress  in  the  slab.  The 
floor  is  usually  of  uniform  thickness  throughout. 

The  reinforcement  of  the  slab  consists  of  bars  running  in  four 
directions  radially  from  the  column  as  shown  in  Figs.  67  and  68. 
The  vertical  reinforcing  steel  in  the  column  is  sometimes  bent  and 
carried  into  the  slab  to  form  what  is  known  as  a  spider,  which  aids 
in  preventing  shear  and  adds  to  the  rigidity  of  the  connection. 
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This  is  the  arrangement  found  in  the  original  mushroom  type,  as 
shown  in  Fig.  67. 

Certain  features  of  flat-slab  reinforcement  are  covered  by 
Letters  Patent  Nos.  985,119  and  1,003,384  of  C.  A.  P.  Turner. 
The  following  extracts  cover  the  subject  matter  of  these  patents: 

Turner  patent  985,119,  granted  Feb.  21,  1911:  ''A  flat-slab  and 
column  construction  of  concrete,  including  a  cantilever  head  formed 
of  elbow  rods  having  portions  thereof  embedded  in  the  slab,  and  other 


Couritty  of  Mr.  C.  A.  P.  Turner. 

FiQ.  68. — Cantilever  flat-slab  construction.     John  Deere  Co.'s  warehouse, 

Omaha,  Nebraska. 

portions  thereof  extending  into  the  columns  a  distance  less  than  the 
height  of  the  columns." 

Turner  patent  1,003,384,  issued  Sept.  12, 1911 :  "An  arrangement  of 
reinforcement  for  a  column-supported  flat-plate  floor  of  concrete,  com- 
prising a  plurality  of  circumferential  cantilever  members,  respectively 
situated  in  the  upper  part  of  the  slab  at  the  columns  and  projecting 
therefrom,  and  reinforcing  means  extending  from  member  to  member . 
in  multiple  directions  through  the  space  between  said  members,  and 
filling,  or  substantially  filling,  such  space. 

"An  arrangement  of  reinforcement  for  a  column-supported  flat-plate 

floor  of  concrete,  comprising  a  plurality  of  circumferential  cantilever 

frames,  each  composed  of  crossed  rods  situated  in  the  upper  part  of  the 

slab  at  the  columns,  respectively,  and  extending  across  and  outward 
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therefrom,  and  belts  of  rods  extending  from  frame  to  frame  in  multiple 
directions,  and  filling  or  substantially  filling  the  space  between  them." 

The  advantages  claimed  for  the  flat-slab  floor,  as  stated  by 
Mr,  Turner,  are  as  follows: 

"By  my  construction,  wherein  a  capital  or  enlargement  is  formed  on 
the  column,  or  in  one  piece  therewith,  and  by  the  employment  of  my 
reinforcement,  I  am  able  to  dispense  with  the  use  of  beams  on  the  under 
side  of  the  floor  slab.  This  is  an  immense  advantage  in  every  way.  It 
is  economical  in  the  use  of  concrete;  it  is  also  economical  in  that  it 
renders  unnecessary  the  expensive  forms  for  making  the  beams,  and  it 
means  greater  rapidity  of  work.  As  far  as  the  finished  structure  is 
concerned,  the  absence  of  beams  on  the  under  side  of  the  floor  slab 
enables  partitions  to  be  placed  anywhere  that  it  may  be  found  desirable 
to  place  them.  It  results  in  better  illumination  from  the  windows,  and 
there  are  no  dirt-collecting  comers,  which  exist  where  beams  or  girders 
are  employed. 

"Another  very  important  advantage  resulting  from  the  provision 
of  a  ceiling  that  is  smooth,  or  free  from  beams  or  projections,  is  in  the 
matter  of  fire  protection.  In  fighting  a  fire  with  a  stream  of  water  from 
a  hose^  the  obstruction  offered  by  ribs  or  beams  is  obviously  serious, 
since  a  rib  may  stop  short  a  stream  of  water,  whereas  a  flat,  smooth 
surface  against  which  the  stream  is  directed  at  an  angle,  will  deflect  and 
spread  the  water,  causing  it  to  descend  to  the  floor  over  a  wide  area  and 
to  the  best  possible  advantage.  Where  sprinkler  heads  are  used  in  a 
ceiling,  the  cost  of  equipment  by  such  a  system  of  fire  protection  is 
substantially  reduced,  because  fewer  sprinkler  heads  are  required  with 
a  flat  or  smooth  ceiling  than  one  where  there  are  beams  or  ribs  on  the 
under  side  of  the  ceiling.  In  warehouses,  or  similar  buildings,  my  in- 
vention is  of  special  value  because  in  order  to  afford  aisles  or  passage- 
ways, the  load  is  naturally  concentrated  around  the  columns,  and  it  is 
at  these  points,  where  the  load  therefore  is  greatest,  that  the  greatest 
strength  of  the  structure  exists,  by  reason  of  the  enlarged  capitals  of 
the  columns,  and  their  integral  construction  or  formation  with  the  slabs, 
and  the  heavy  reinforcements  of  the  structure  immediately  at  and  ad- 
jacent to  the  column.  The  provision  of  the  capitals  on  the  columns 
by  gradually  increasing  the  diameter  of  the  columns  at  the  top,  and 
making  them  and  the  slab  an  integral  mass,  takes  care  of  the  com- 
pression of  the  concrete  which  is  the  greatest  over  the  columns." 

The  structural  action  in  the  flat-slab  type  of  floor  is  not  fully 
understood  and  the  several  attempts  which  have  been  made 
at  analysis  have  not  met  with  any  general  acceptance.  Recently, 
however,  tests  have  been  made  of  the  actual  structure  in  com- 
pleted  buildings  and  in  this  way  considerable  information  has 
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been  gained  by  which  at  least  some  of  these  methods  of  analysis 
may  be  controlled  so  as  to  give  safe  results.     (See  Art.  28.) 

The  student  will  get  a  general  idea  of  the  direction  of  the 
stresses  in  a  flat-slab  floor  by  referring  to  Fig.  69.  This  contour 
diagram  appears  in  a  pamphlet  issued  by  the  Corrugated  Bar 
Co.  of  St.  Louis  and  is  the  result  of  measurements  on  the  de- 
flections of  a  rubber  plate  supported  by  small  columns  and  under 
load.  The  diagram  shows  the  plate  bending  downward  around 
the  columns,  forming  contour  lines  approximately  circular  in 
form.     The  suspended-span  portion  of  the  plate  is  seen  to  have 


Fig.  69. 


an  opposite  deformation,  being  concave  downward  in  all  direc- 
tions about  a  center  formed  by  the  intersection  of  the  diagonals 
of  the  panel.  Fig.  70  shows  that  with  any  radial  deformation, 
a  deformation  also  occurs  in  a  circumferential  direction.  For 
example,  if  the  top  fibers  around  the  column  head  are  elongated 
an  amount  ^  R,  then  the  enlargement  of  the  plate  on  the  top 
causes  a  deformation  in  a  circumferential  direction  of  2;r  J  R. 
Thus  it  is  evident  that  there  are  positive  deformations  in  a  flat 
slab  under  bending  which  have  certain  fixed  geometrical  ratios 
to  each  other. 

It  is  contended  that  reinforcing  rods  in  four  directions,  being 
tangent  to  the  circular  sections  at  eight  points,  are  in  better 
position  to  resist  circular  as  well  as  radial  stresses  over  supports 
than  rods  arranged  in  two  directions.     Tests,  however,  do  not 
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seem  to  bear  out  this  contention.  Some  designers  advocate 
placing  a  flat  spiral  form  of  reinforcement  both  over  the  columns 
and  in  the  center  of  panel,  and  combining  this  with  the  four-way 
reinforcement.  Of  course  from  a  theoretical  standpoint,  suffi- 
cient reinforcement  could  be  placed  in  a  hooped  or  spiral  shape 
so  that  the  cross  and  diagonal  bars  could  be  dispensed  with. 
This  is  not  possible,  however,  in  actual  practice  owing  to  the  fact 
that  concrete  shrinks  when  setting  and  would  pull  away  from  the 
hoops;  the  hoops  would  therefore  exert  no  pressure  against  the 
concrete  imtil  considerable,  and  perhaps  dangerous,  deformation 
had  taken  place. 


Fig.  70. 


A  number  of  methods  of  analysis  have  been  proposed  for  the 
cantilever  type  of  flat-slab  construction.  Perhaps  the  three 
methods  which  have  been  most  generally  advocated  are  as  follows : 

1.  The  division  of  the  slab  into  beams,  or  beam  strips,  which 
we  shall  call  the  beam  method  of  analysis. 

2.  To  consider  the  slab  around  the  head  of  the  column,  out  to 
the  point  of  inflection,  as  a  flat  circular  plate  supporting  a  uniform 
load  over  its  surface  and  also  supporting  a  vertical  load  along  its 
edge  equal  to  the  remaining  part  of  the  load  tributary  to  the  col- 
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umn.  In  other  words,  the  whole  floor  is  considered  as  a  series  of 
flat  circular  slabs  concentric  with  the  columns  and  firmly  clamped 
to  them,  and  the  rest  of  the  floor  is  considered  as  supported  along 
the  edges  of  these  circular  slabs.  The  slab  between  the  circular 
plates  is  considered  as  a  square  plate  supported  on  all  edges. 

3.  To  consider  the  slab  as  a  homogeneous  plate  fixed  on  a  sys- 
tem of  equidistant  points. 

The  division  of  the  slab  into  beams,  or  beam  strips,  is  perhaps 
the  most  logical  method  of  analyzing  this  type  of  floor.  It  must 
be  recognized,  however,  that  at  least  the  steel  stresses  indicated 
by  this  analysis  are  reduced  by  slab  action  and  by  arch  action  to  a 
very  considerable  degree,  the  amoimt  of  reduction  probably 
depending  upon  the  depth  of  the  slab  and  upon  the  details  of  the 
head  and  slab  reinforcement.  Unfortunately,  at  the  present 
time,  it  is  not  possible  to  state  coefficients  for  this  reduction.  It 
may  safely  be  concluded,  however,  that  the  stresses  as  found  by 
this  analysis  will  at  least  represent  maximum  values. 

The  second  method  of  analysis  above  mentioned  is  based  upon 
Prof.  H.  T.  Eddy's  analysis  of  stresses^  in  homogeneous  circular 
plates.  In  deriving  the  formulas  of  this  method,  the  effect  of 
lateral  stresses  has  been  taken  into  account,  this  being  expressed 
by  Poisson*s  ratio,  which  is  the  ratio  of  the  lateral  deformation 
to  that  in  the  direction  of  stress.  The  meaning  of  this  ratio  as 
applied  to  a  loaded  column  is  the  lateral  deformation  per  unit  of 
width  divided  by  the  longitudinal  deformation  per  unit  of  length. 
In  a  slab  supported  on  columns  there  is  a  similar  condition  of 
deformations  caused  by  horizontal  stresses  at  right  angles  to 
each  other.  But  few  tests,  however,  have  been  made  to  deter- 
mine the  value  of  Poisson's  ratio  and  even  the  results  which  have 
been  obtained  vary  considerably.  Since  Poisson's  ratio  has  an 
important  bearing  on  the  value  of  the  computed  stresses,  it  has 
been  pointed  out  that  this  is  one  objection  to  using  the  formulas 
of  this  method.  Another  objection  lies  in  the  fact  that  the  analy- 
sis by  Eddy  assumes  certain  relations  in  both  shear  and  moment 
curves  which  do  not  seem  to  be  applicable  to  a  plate  supported 
over  a  considerable  area  at  its  center. 

The  third  method  of  analysis  mentioned  is  based  on  general 
deductions  made  from  Grashof's  analysis  of  the  stresses  in  a 
homogeneous  plate  supported  at  rows  of  points  forming  squares. 
It  has  been  pointed  out  that  the  expression  found  by  Grashof  is 

1  Year  Book,  Encr'a.  Soc.  Univ.  of  Minn.,  1899. 
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indeterminate  for  other  than  square  panels  and  also  that  this 
method  gives  the  maximum  stress  at  the  center  of  the  cross  band, 
when  actual  tests  show  this  is  at  the  support.  '  We  also  find,  as 
in  the  second  method  of  analysis,  that  Poisson's  ratio  has  an 
important  bearing  on  the  results.  It  would  seem,  then,  from  the 
above,  that  with  our  present  knowledge  of  flat-slab  design,  the 
expressions  derived  from  Grashof  should  not  be  considered  of  real 
practical  value.  Only  the  first  two  methods  will  receive  con- 
sideration in  this  text.  It  must  be  understood  that  various 
results  may  be  determined  from  each  method,  depending  upon 
the  assumptions  made. 

Tests  and  the  results  obtained  by  the  first  two  methods  of 
analysis  indicate  that  the  moment  is  greater  over  the  support  than 
at  the  center,  and  that  the  critical  section  is  at  or  near  the  edge 
of  the  capital.  When  the  column  head  is  flared  so  that  it  be- 
comes comparatively  thin  at  its  outer  circumference,  then  a  part 
of  it  is  flexible  and  should  be  considered  as  part  of  the  slab.  For 
ordinary  conditions,  however,  the  edge  of  the  capital  may  well 
be  considered  as  the  line  of  maximum  bending  moment. 
Lit  is  common  practice  to  maintain  the  same  slab  design  for  all 
floors.  If  this  is  done,  the  design  should  be  based  on  a  minimum 
size  of  column  capital.  The  size  of  the  column  capital  is  clearly 
a  function  of  the  floor  slab  and  not  of  the  column,  and  should 
depend  on  the  floor  load  and  the  panel  size.  Instead  of  arbi- 
trarily assuming  the  size  of  capital,  this  dimension  should  prefer- 
ably be  based  on  computations  for  diagonal  tension.    ^ 

The  shearing  stresses  in  flat  slabs  seem  exceedingly  high,  but 
there  should  be  a  distinction  made  between  the  so-called  punching 
shear,  and  shear  which  measures  diagonal  tension.  Punching 
shear  may  properly  be  figured  along  the  periphery  of  the  capital 
and  this  shear  is  readily  borne  by  the  concrete  and  steel  if  the 
structure  is  properly  proportioned  for  diagonal  tension.  It 
should  be  noted  in  this  connection  that  the  Joint  Conmiittee 
recommends  an  allowable  value  in  punching  shear  of  120  lb.  per 
square  inch  for  a  2000-lb.  concrete. 

Shear  as  measuring  the  tendency  to  diagonal  tension  may  be 
computed  at  some  distance  out  from  the  column  capital.  From  a 
number  of  footing  tests  at  the  University  of  Illinois,  Prof.  A.  N. 
Talbot  concludes  that,  as  an  indication  of  the  tendency  to  diagonal 
tension,  the  intensity  of  shearing  stress  should  be  computed  on  a 
section  at  a  distance  out  from  the  pier  or  column  equal  to  the 
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depth  of  the  footing  to  the  steel.  The  footings  tested  were  of  a 
uniform  depth  throughout  and  reinforced  in  a  similar  manner  to 
the  flat  slab  over  a  coum  n  head  and  it  seems  reasonable  to  apply 
Prof.  Talbot's  conclusion  to  the  case  of  the  flat  slab.  It  may 
be  pointed  out  that  the  portion  of  the  floor  slab  inside  the  line  of 
inflection  is  in  effect  an  inverted  footing  with  a  uniform  load 
over  the  base  and  a  concentrated  load  all  along  the  edge. 

By  referring  to  Fig.  67,  the  student  will  notice  that  the  rods 
in  a  band  do  not  all  pass  over  the  column  head.  It  has  been  held 
that  the  beam  strips  in  the  outer  part  of  a  band  serve  only  to 
carry  load  to  other  strips  which  they  intersect  and  which  pass 
over  the  capital.  This  contention  has  been  disproved  by  tests 
made  at  the  University  of  Illinois  on  wide  beams,  with  the  ratio  of 
depth  to  width  of  about  ^j,  or  somewhat  in  excess  of  the  usual 
ratio  of  depth  to  steel  to  width  of  band  in  the  flat  slab.  The  beams 
were  36  in.  wide,  4  ft.  10  in.  long,  and  3  in.  deep  to  the  steel. 
They  were  loaded  across  their  full  width  at  the  ends  and  were  sup- 
ported at  the  third  points,  in  some  cases  for  their  full  width,  in 
others  for  one-half  their  width,  and  in  still  others  for  one-fifth  of 
their  width.  All  the  beams  had  ten  |-in.  roimd  rods  placed  longi- 
tudinally, and  the  beams  supported  for  only  one-fifth  their  width 
had  }-in.  round  rods  4  in.  on  centers  crosswise  of  the  beam.  A 
study  of  the  tests  shows  that  there  was  only  a  very  small  falling 
off  in  the  load  carried  when  the  beam  was  supported  for  only  one- 
fifth  its  width,  as  compared  to  the  load  carried  when  the  beam  was 
supported  its  entire  width.  The  deflection  curves  showed  also 
that  the  steel  at  the  edges  took  practically  the  same  stress  as  did 
the  rods  in  the  beam  supported  for  its  full  width.  What  amounts 
to  the  same  result  was  observed  in  the  footing  tests  above  men- 
tioned. Prof.  Talbot  concluded  as  a  result  of  these  footing  tests 
that  the  width  of  the  resisting  section,  as  governing  the  stress  in 
the  steel,  was  composed  of  the  width  of  the  pier,  plus  the  depth 
to  the  steel  on  each  side  of  this,  plus  one-half  of  the  remaining 
width  of  the  footing.  If  this  same  conclusion  is  applied  to  a  flat- 
slab  floor,  the  width  described  includes  all  the  steel  in  both  the 
cross  and  diagonal  bands  in  all  ordinary  designs.  Thus  it  is 
evident  that  all  the  steel  in  the  bands  may  be  counted  on  to  take 
its  full  resisting  moment  and  not  just  the  steel  which  passes  over  a 
column  head.  'Actual  tests  bear  out  the  same  conclusion,  the 
stress  being  found  nearly  constant  across  the  entire  band.  The 
reinforcement  in  the  footings  previously  mentioned   was  laid 
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sometimes  in  two  bands  and  sometimes  in  four  bands  without 
any  noticeable  effect  on  the  strength  or  stresses  in  the  footing. 
'\Tests  have  indicated  that  the  moment  at  the  center  of  a  band 
for  unifonp  loading  is  somewhat  less  than  one-half  that  at  the 
support.*1\It  may  be  possible,  however,  that,  when  only  a  single 
panel  is  loaded,  the  stress  at  the  center  reached  this  amountij  It 
would  seem,  then,  that  this  fraction  may  be  considered  a  maxi- 
mum for  purposes  of  design. 

Cracks  were  found  in  the  field  tests  at  a  distance  of  about  2  in. 
on  the  average  outside  of  the  edge  of  the  capital.  "jJChis  would 
seem  to  indicate  that  moments  may  safely  be  figured  about  a 
section  at  the  edge  of  capital  as  giving  a  maximum  condition.^ 

The  line  of  inflection  has  been  found  by  test  to  lie  between 
a  square  (having  the  column  at  its  center)  and  its  inscribed  circle. 
Tests  have  also  indicated  that  the  diameter  of  the  inscribed  circle 
may  be  taken  at  0,56  L;  where  L  is  the  length  of  panel  side.  This 
diameter  is  the  least  dimension  of  the  line  of  inflection,  and  occurs 
in  the  cross  band  direction.  The  maximum  dimension  of  the  line 
of  inflection  occurs  along  the  diagonal  band  and  was  observed  in 
the  test  to  be  about  0.64  L.  It  would  seem  from  these  figures  that 
the  line  of  inflection  may,  with  sufficient  accuracy,  be  considered 

to  lie  on  a  circle  with  a  diameter  of       o  =0.60L. 

The  variation  in  this  dimension  would  undoubtedly  be  small 
for  the  conditions  found  in  practice,  and,  if  columns  are  not 
permitted  to  have  unduly  small  capitals,  the  value  0.60  L 
may  safely  be  used.  If  the  panel  is  not  square,  but  nearly 
so,  it  is  perhaps  safe  to  consider  L  as  the  mean  of  the  4wo  panel 
dimensions. 

[The  compression  in  the  concrete  at  the  under  face  of  the  slab 
surrounding  the  column  is  the  absolutely  vital  and  critical  point 
in  every  flat-slab  design.]  It  is  contended,  and  tests  seem  to  indi- 
cate, that  the  tension  in  the  concrete  acts  to  reduce  the  tensile 
steel  stresses  over  the  supports  very  materially,  even  at  high  over- 
loads. Arch  action,  which  tests  have  clearly  shown  to  exist,  is 
another  reason  why  steel  stresses  are  low  in  a  flat-slab  floor.  Both 
of  these  factors  which  reduce  steel  stresses  tend  to  increase 
rather  than  decrease  the  compression  in  the  concrete  at  the 
support.  Using  a  method  of  design  which  does  not  call  for  more 
than  one-half  the  amount  of  steel  at  the  center  of  span  that  is 
required  over  support,  it  would  seem  from  the  results  of  tests  that 
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a  value  of  750  lb.  per  square  inch  in  the  concrete  at  this  point 
may  be  permitted  for  a  2000-lb.  concrete. 

When  a  spider  is  employed  over  the  column  head,  the  column 
or  radial  rods  should  be  brought  near  the  top  of  the  slab  at  their 
extremity.  It  should  be  clear  that  hoops  fastened  to  such  rods 
cannot  help  in  carrying  tensile  stress  except  as  they  lie  above  the 
neutral  plane.  \Ji  is  the  practice  to-day  to  keep  these  rings  and 
radials  just  as  high  as  possible,  consistent  with  allowing  the 
slab  rods  to  sag  to  the  bottom  toward  the  center  of  span.^/  This 
was  made  necessary  by  the  numerous  slabs  that  showed  circum- 


Courtety  of  Univertal  Portland  Cement  Co. 

FiQ.   71. — Larkin    warehouse,    Chicago,    111.     Note    the    depressed    head 
design;  also  the  floor  sleepers  and  cinder-concrete  fill. 


ferential  cracks  that  on  investigation  could  be  attributed  in  a 
larger  measure  to  the  steel  being  too  low  to  take  care  of  the  nega- 
tive bending  moments  than  perhaps  to  any  other  cause. 

Some  buildings  have  recently  been  built  with  what  is  called  a 
depressed  head  design — that  is,  the  slab  is  deepened  for  a  con- 
siderable distance  around  the  column  capital.  Tests  made  by 
Mr.  Arthur  R.  Lord  on  a  building  of  this  type — the  Chicago 
warehouse  of  Larkin  Co.  (Fig.  71) — tend  to  show  that  the  critical 
stress  section  may  be  expected  at  the  edge  of  the  depressed  head, 
although,  with  the  proportions  used  in  the  Larkin  warehouse, 
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there  was  little  diflference  between  the  stresses  found  at  this 
point  as  compared  with  those  found  at  the  edge  of  the  capital. 
The  deflection  readings,  compared  with  those  of  other  tests, 
show  that  a  flat-slab  floor  with  a  substantial  depressed  head  design 
is  stiffer  and  stronger  than  the  straight  flat  slab  as  ordinarily 
designed,  with  anywhere  near  the  same  amount  of  materials. 

Cracks  are  liable  to  occur  in  flat-slab  floors  along  rectangular 
lines  between  columns  unless  cross  reinforcement  of  small  rods 
is  placed  in  the  top  of  the  slab.  These  cracks  occur  only  along 
the  cross-bands  due  to  the  fact  that  the  span  is  shorter  and  the 
deflection  is  less  than  in  the  center  of  the  slab. 


Design  of  Interior  Floor  Bay 

Design  an  interior  bay  for  a  flat-slab  floor  to  support  a  live 
load  of  200  lb.  per  square  foot  with  columns  spaced  16  ft.  by  16  ft. 
on  centers.  Use  working  stresses  recommended  by  the  Joint 
Committee  for  a  2000-lb.  concrete.  Assume  plain  rods  of  medium 
steel. 


Fig.  72. 


The  width  of  each  set  of  rods  should  be  at  least  great  enough 
so  that  no  portion  of  the  slab  will  be  without  reinforcement,  as 
shown  by  the  triangular  areas  a,  6,  c,  d,  in  Fig.  72.  The  arrange- 
ment shown  in  Fig.  73  has  no  such  gaps,  and  requires  that 

L-D  / 

or  Z)  =  0.414L 


sin  45°= 
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It  would  be  better  to  take  a  value  of  D  slightly  greater  than  this 
in  order  to  assure  a  slight  overlap  of  the  reinforcing  rods,  say 
0.42L. 

Beam  Method, — The  diameter  of  the  column  capital  will  be 
assumed  54  in.  For  a  continuous  beam  of  span  L,  and  carrying 
a  total  uniform  load  of  amount  TT,  the  moment  at  the  supports 

is   .  2  >  whereas  the  moment  at  midspan  is  one-half  this  amount, 

WL 
or  24  •    Assuming  that  each  of  the  four  sets  of  slab  rods  carries 

one-fourth  the  total  load  (which  is  not  far  from  the  truth  since 
the  load  at  the  center  of  a  panel  is  divided  between  two  diagonal 
bands,  whereas  the  load  at  the  center  of  a  cross  band  is  taken  by 
only  one  set  of  rods)  the  bending  moment  from  which  to  deter- 
mine the  thickness  of  the  slab  and  amount  of  reinforcement  at 
the  edge  of  column  head  becomes 

For  a  width  D  =  0.42L,  the  moment  per  foot  of  width,  say  Mi,  is 
therefore 

WL      _W 
^'"48(0.42L)~20^^-"^^' 

By  a  preliminary  calculation  it  is  found  that  the  floor  slab  will 
be  about  8  in.  thick,  giving  a  dead  load  of  100  lb.  per  square  foot. 
The  total  live  and  dead  load  is  therefore  300  lb.  per  square  foot. 
Consequently,  Tr=(16)*(300)  =76,800  lb.  and 


^^^7«,800^3g^^  ft..lb. 


Thus, 


'-Vbx-Vi 


,        ....  3840      _.. 


(The  value  of  K  is  for  /.  =  16,000  and  /^  =  750.     See  Table  2  of 
Volume  I.) 

0.  =  (0.0097)  (12)  (5.4)  =0.63  sq.  in.  per  foot. 

Since  the  width  of  bands  is  assumed  as  D  =  0.42L  =  6.72  ft., 
say  6.75  ft.,  the  total  area  of  steel  required  for  one  radial  system 
is  (0.63)  (6.75)  =4.25  sq.  in      As  previously  stated,  the  moment  at 
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the  center  of  the  slab  is  one-half  as  great  as  at  the  supports. 
Thus,  since  the  slab  is  to  be  of  the  same  thickness  throughout, 
only  one-half  as  much  ^eel  is  required  in  the  bands  at  the  center 
between  columns  as  is  required  over  the  column  tops.     The 

4.25 
required  area  of  slab  rods  in  one  system  is  -^    =2.13  sq.  in., 

equivalent  to  11  round  rods,  J-in.  diameter,  spaced  8  in.  on 
centers.  Over  the  colunms,  the  rods  should  be  lapped  to  double 
the  area  at  this  part  of  the  floor. 

The  four  sets  of  rods  occur  in  layers  where  they  cross  the  colimm 
top,  and  d  =  5.4  in.  is  the  distance  from  the  extreme  fiber  in  com- 
pression to  the  center  of  the  nearest  rod.  The  total  thickness  of 
slab  should  be  d+(3)(i)+f  in.  =  7f  in. 

The  thickness  of  the  slab  at  the  supports  controls  the  thickness 
of  slab  throughout  the  floor.  It  is  advisable  in  many  cases  to 
reduce  the  depth  by  using  steel  in  both  top  and  bottom  at  the 
supports,  and  by  employing  a  rich  concrete  in  the  vicinity  of  the 
columns. 

^  The  area  of  concrete  in  shear  at  a  distance  out  from  the  cir- 
cumference of  the  column  capital  equal  to  the  depth  of  slab  to 
steel  is  tt (64.8)  (5.4)  =  1100  sq.  in.  The  total  load  on  one  column 
=  (16)  (16)  (300)  =  76,800  lb.  Subtracting  the  load  out  to  the 
section  in  question,  which  is  approximately  6800  lb.,  the  total 
shear  to  be  considered  is  70,000  lb.     This  gives  a  shearing  stress 

70  OOfr^ 
on  the  section  of   i[ru^-  =^  lb.  per  square  inch.     If  all  the  rods 

are  properly  bent  up,  it  would  seem  that  this  shear,  as  measuring 
diagonal  tension,  is  not  excessive.  This  value,  however,  should 
be  about  the  maximum  allowed. 

The  floor  has  more  than  the  necessary  strength  against  pimch- 
ing  shear. 

Circular  Plate  Method, — ^The  analytical  processes  involved  in 
the  analysis  of  stresses  in  homogeneous  circular  plates  are  very 
complex  and  only  the  results  of  such  investigation  will  be  consid- 
ered here.  The  formulas  adopted  in  preparing  the  diagrams  of 
Figs.  74  and  75^  apply  to  circular  slabs  free  on  their  outer  edge  and 
clamped  around  the  column. 

Let  3fi  =  bending  moment,  per  unit  width  of  section,  causing 
radial  fiber-stress  at  any  distance  r. 

^From  "Principles  of  Reinforced  Concrete  Construction,"  by  Turne- 
aure  and  Maurer. 
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M2  =  bending  moment,  per  unit  width  of  section,  causing 
circumferential  fiber-stress  at  any  distance  r. 
g  =  load  per  unit  area. 
i2i  =  ordinate  to  proper  solid  curve,  Fig.  74. 
Ci=: ordinate  to  proper  dotted  curve,  Fig.  74. 
p  =  load  along  circumference  per  unit  length. 
i?2= ordinate  to  proper  solid  curve,  Fig.  75. 
C2  =  ordinate  to  proper  dotted  curve.  Fig.  75. 


Then 


Mi  =  Riqro^  and  Mi^R^pr^ 
M2  =  Ciqro^  and  Mz^C^pro 


Fig.  74  gives  the  values  of  Ci  and  Ri  for  five  different  ratios 
of  ri  to  To,  or  radius  of  plate  to  radius  of  column  capital.  For 
other  ratios  interpolations  may  be  made.  Similarly,  Fig.  75 
gives  the  values  of  C2  and  R^,  In  each  case  the  full  lines  give  the 
coefficients  for  the  radial  bending  moments  (Mi)  and  the  dotted 
lines  those  for  the  circumferential  bending  moments  (M2). 

In  deriving  the  above  formulas  the  effect  of  lateral  stresses  has 
been  taken  into  account,  this  being  expressed  by  Poisson's  ratio, 
which  is  the  ratio  of  the  lateral  deformation  to  that  in  the  direc- 
tion of  stress.  The  value  of  this  ratio  is  taken  at  0.1,  which  has 
been  shown  by  experiments  to  be  a  fair  value  for  concrete  of  1 : 2 : 4 
proportions. 

It  should  be  clear  that  the  load  assumed  around  the  circumfer- 
ence of  each  plate,  due  to  the  load  on  the  portion  of  the  slab 
between  these  plates,  may  be  determined  per  unit  of  length  by 
dividing  the  load  on  the  panel  minus  the  load  on  one  plate  by  the 
circumference  of  one  plate. 

Referring  to  Figs.  74  and  75,  it  is  found  that  the  radial  maxi- 
mum moments  occur  at  the  circumference  of  the  enlarged  column 

T 

where      =1.     The  circumferential  moments  at  this  point  are  a 

minimum  and  very  much  smaller  than  the  radial  moments, 
hence  these  latter  only  need  be  computed  for  maximum  stress  and 
the  circumferential  moments  may  be  disregarded.  The  total 
maximum  equals  the  sum  of  the  radial  moment  at  the  edge  of  the 
column  taken  from  Figs.  74  and  75  or  from  the  following  table 

for  the  proper  value  of 

^0 
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VALUES  OF  CONSTANTS  Ri  AND  ft,  BASED  ON  POISSON'S  RATIO 
OF  0.1  AND  WITH  ^  =1 

To 

Values  of 

To 

2.0   2.2   2.4    2.6    2.8   3.0   3.2  i3.4  ,3.6  |3.8   4.0  I     4.6       5.0 

I ' ' I I , 

Ri..  0.721.081.522.042.663.374.175.066.0517.158.35'  11.77    15.99 


R,..  1.662. 1012.553. 033. 514. 024. 545. 075. 606. 176. 73,     8.12     9.72 


In  the  problem  at  hand,  assuming  the  diameter  of  the  column 

capital  at  0.2  L,  r,J^-%('^^  =4.8  ft.,  and  r.J'^^^''^  =1.6 

ft.     The  dead  load  will  be  assumed  at  125  lb.  per  square  foot,  mak- 
ing the  total  load  325  lb.  per  square  foot. 

Area  of  slab  (16X16)  =256  sq.  ft. 

Area  of  circular  plate  4.8^X3.14  =  72  sq.  ft. 

184  sq.  ft.  area  of 
slab  outside  of 
assumed  circu- 
lar plate. 
(184)  (325) 
(IV'^  14^U«^~^®^^  circumferential    unit  loading    in  pounds 

per  foot. 

Ti     4  8 
Now,      =.-/>=  3.0,  and  from  the  above  table 
'  To     1.6 

i?,=3.37,  B2=4.02 

Employing  formulas  for  maximum  moments, 

Total    Ml  =  (3.37)(325)(1.6)»+(4.02)(1990)(1.6)  =  15,600    in.-lb. 

per  inch  of  circumference. 

Some  authorities  advise  placing  only  the  two  diagonal  layers  of 

steel  in  the  top  of  the  slab  for  tension  and  the  two  rectangular 

layers  in  the  bottom  of  the  slab  to  aid  in  compression.     In  the 

present  case  2  per  cent  of  steel  will  be  placed  diagonally  in  two 

layers  at  the  top  and  1  per  cent  of  steel  rectangularly  in  two  layers 

at  the  bottom.     It  will  be  assumed  that  this  amount  of  steel  is 

economical   and   the   resulting  thickness  of  slab   satisfactory. 

J/ 

Using  Table  11  of  Volume  I,  assuming  j  =  15 

^^xj  ^   « J        15600  ^ 

"*"  ^fXb"  >'(750)(0:285)(1)"^  •^^^'''- 
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We  will  take  d  =  8.5  in.  and  a  total  depth  of  10  in.    For  this 

depth  the  dead  load  is  -^  (150)=  125  lb.  per  square  foot,  the 

same  as  assumed.     Also    r  =  ^/x  /^  =  .15,  the  same  as  assumed. 

a      10. 0 

The  corresponding  stress  in  the  tensile  steel  is 

/•  =  (0;oi7)(8  5)2"  ^^'^^  ^^'  P®''  ^^^^^^  ^^^''^• 

Since  an  increase  of  reinforcement  for  a  short  length  over  the 
columns  decreases  the  thickness  of  entire  slab,  several  trials  should 
be  made  in  any  given  design  to  determine  the  most  economical 
relation  of  the  amount  of  steel  and  concrete.  A  rich  concrete 
mix,  allowing  a  higher  stress  in  the  concrete,  would  undoubtedly 
be  of  advantage  here.  It  would  be  well  to  limit  the  stress  in  the 
concrete  to  800  lb.  per  square  inch  for  any  mix. 

The  total  amount  of  steel  required  in  the  top  of  slab  over  col- 
umn is  a.  =6dp=  (2)  (3.14)  (1.6)  (12)  (8.5)  (0.02)  =20.5  sq.  in.  Each 
layer  is  effective  on  both  sides  of  column  and  hence  must  have 

20 . 5  . 

'    =5,1  sq.  in.  of  steel.     Since  the  width  of  band  is  6.75  ft., 

J-in.  round  rods  spaced  3  in.  apart  will  give  sufficient  reinforce- 
ment. At  the  bottom  of  slab  at  column,  the  J-in.  round  rods  will 
be  placed  6  in.  on  centers. 

If  we  let  h  equal  the  distance  between  lines  of  inflection,  it 

would  appear  amply  safe  to  adopt  a  value  of  M  =  .  ^  at  the  center 

of  the  cross-bands.     For  the  diagonal  reinforcement,  the  steel 

7  2 

runs  in  two  directions  and  M=  ^.    may  be  safely  employed. 

Tests  indicate  that  the  moment  is  even  less  than  this. 

The  diagonal  distance  between  the  circles  of  inflections  is 
22.6—9.6  =  13  ft.,  and  the  bending  moment  in  the  middle  of  the 

panels,  using  the  conservative  formula  Af  =  ^ .  >   is 

^^(325)(13)2(12)  ^27,400  in.-lb.  per  foot  of  width. 

Considering  IJ  in.  of  concrete  below  the  center  of  steel,  the 
effective  thickness  of  the  slab  is  8.5  in. 

itf  _     27400     _„,   _ 
In  Table  3  for  K  =  31.6,  p  =  0.0022,  and  thus  only  0.22  per  cent  of 
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steel  in  each  diagonal  direction  will  be  necessary,  or  J-in.  round 
rods  10  in.  apart.  As  a  matter  of  convenience,  the  rods  would 
naturally  be  placed  9  in.  apart.  The  spacing  of  the  rods  in  the 
rectangular  bands  may  be  determined  in  like  manner. 

The  strength  of  the  slab  against  diagonal  tension  may  be  deter- 
mined in  the  same  manner  as  in  the  beam  method. 


Problem 

7.  Design  an  interior  bay  for  a  flat-slab  floor  to  support  a  live  load  of  150 
lb.  per  square  foot  with  the  columns  spaced  18  ft.  by  18  ft.  on  centers. 
Design  by  the  two  methods  described  in  the  text.  Use  working  stresses 
recommended  by  the  Joint  Committee  for  a  2000-lb.  concrete  and 
medium  steel. 


19.  Unit  Construction. — In  the  unit  system  of  reinforced- 
concrete  construction,  all  members  (except  the  floor  slabs  in  the 
Ransome  System)  are  cast  in  forms  on  the  ground  and  set  in  , 
place,  when  hard,  by  a  derrick  (Figs.  76  and  77).  The  difl5culty 
of  securing  rigid  connections  between  girders,  beams,  and  columns 
has  been  the  most  serious  defect  in  this  type  of  construction, 
but  much  has  recently  been  accomplished  in  this  respect. 

Economy  can  be  the  only  reason  for  employing  thetmit  type  of 
construction,  as  it  is  not  any  stronger  or  better  looking  than  the 
monolithic  construction;  in  fact,  in  these  respects  its  highest 
expectation  can  be  but  equality.  In  the  matter  of  cost,  however, 
considering  ordinary  cases,  it  seems  to  have  the  better  of  the 
argument  for  three  main  reasons:  (1)  the  greatly  reduced  amount 
of  falsework  required  as  compared  with  the  monolithic  type, 
(2)  the  reduction  in  the  number  of  men  required  for  the  work  of 
construction,  and  (3)  the  chance  to  carry  on  the  work  under  cover 
in  all  kinds  of  weather. 

With  the  exception  of  structures  built  by  the  Ransome  Unit 
System,  each  member  in  a  unit  floor  is  designed  as  an  individual 
carrying  element,  quite  separate  from  the  superimposed  slab, 
and  receiving  no  assistance  therefrom.  This  necessitates  the 
use  of  extra  deep  beams  or  the  use  of  T-beam  sections  in  order  to 
get  the  required  compressive  strength.  With  the  exception  of 
the  Ransome  System  just  noted,  the  units  are  tied  together  by 
virtue  of  bars  projecting  into  pockets  or  open  spaces  in  which 
concrete  is  poured. 
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The  Ransome  Unit  System  differs  principally  from  the  other 
unit  systems  in  that  the  slab  is  poured  in  place  after  the  unit 
beams,  girders,  and  columns  have  been  erected.  If  the  tests 
described  in  Art.  28  are  any  criterion,  it  is  possible  to  so  unite 
the  slab  and  beam  that  they  may  be  considered  as  working  as  a 
unit — thus  making  possible,  where  continuity  is  not  considered, 
just  as  economical  a  design  from  the  standpoint  of  material  as  in 


CourtMy  of  Universal  Portland  Cement  Co. 

Fig.  76. — Unit  construction.     Sturgea  &  Burn  Mfg.  Co.'s  building, 
Bellwood,  111. 

the  monolithic  type.  In  this  system  the  slab  serves  to  tie  the 
entire  building  together — a  feature  lacking  in  the  other  unit 
systems. 

It  should  be  quite  evident  that  the  greatest  advantage  obtained 
from  the  use  of  separately  molded  members  occurs  when  a  large 
number  of  the  same  size  of  beams,  columns,  and  girders  are  to  be 
employed.  The  same  forms  can  then  be  used  over  and  over  again. 
From  this  it  follows  that  the  unit  type  of  construction  is  not 
likely  to  have  universal  application  due  to  the  multipUcity  of 
shapes  in  complex  structures.  Study  of  designs,  however,  should 
in  most  cases  reduce  the  number  of  shapes  to  a  workable  mini- 
mum. Restriction  in  sizes  of  discontinuous  members  is  also 
likely  to  be  a  controlling  factor  and,  under  some  conditions, 
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narrow  the  application  of  this  system  to  certain  layouts  governed 
by  the  capacities  of  the  handling  apparatus. 

Shrinkage  cracks  do  not  usually  occur  in  buildings  of  unit 
construction  since  all  the  shrinkage  has  taken  place  in  the 
individual  units  before  their  incorporation  into  the  structure. 
It  is  probable  that  unit  methods  will  advance  concrete  construc- 
tion to  a  par  with  steel  construction  in  that  every  element  may 


hh. 


Ill  ll,,."' 


Courtesy  of  Unit  Conatruction  Co. 

Fig.  77. — St.  Louis  Lead  &  Iron  Works,  St.  Louis,  Mo. 

the   unit  method. 


Constructed  by 


be  inspected  and  approved  before  it  is  placed,  or,  if  desired,  a 
given  percentage  of  the  units  may  be  tested  before  erection. 

The  principles  of  unit  construction  are  well  illustrated  in  recent 
types  of  structures  built  by  the  Unit  Construction  Company  of 
St.  Louis  {Unit-Bilt  System),  and  the  Ransome  Engineering  Co. 
of  New  York — types  which  will  now  be  described.  It  may  as 
well  be  said  here  that  the  Unit  Construction  Company  has  very 
recently  acquired  the  patents  covering  the  Ransome  Unit  System 
and  thus  both  systems  are  now  controlled  by  one  company. 

Figs.  78  to  81,  inclusive,  and  Plate  X  show  the  principle  of 
construction  of  the  Unit-Bilt  System.  The  columns  are  provided 
with  brackets  for  the  support  of  the  girders,  and  the  girders  are 
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set  on  a  mortar  bed  at  a  distance  back  from  the  center  of  column 
sufficient  to  allow  the  column  rods  to  overlap.  The  girder  rods 
to  take  negative  moment  over  supports  project  into  the  space 
over  the  columns — ^the  girders  being  cut  back  so  as  to  give  the 
necessary  length  for  embedment  (Fig.  79  and  Plate  X).  The 
ribbed  slabs  rest  on  shelves  or  ledges  on  the  sides  of  the  girder, 


FiQ.  78. — Part  section  of  building  on  the  "Unit  System"  of  reinforced- 
concrete  construction. 
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Side  Elevai-ion 
Fig.  79.— Typical  girders  for  "Unit  System." 


with  the  top  of  slab  above  the  top  of  girder  so  as  to  permit  the 
slab  reinforcing-rods  to  project  into  the  space  thus  formed  and 
provide  for  negative  tensile  stresses.  The  outer  face  of  each  side 
rib  of  slab  has  a  groove,  so  that  the  two  grooves  of  adjacent  slabs 
will  form  a  key  for  the  grout  filling.  When  the  spaces  over  col- 
umns and  between  the  floor  slabs  are  filled  with  concrete,  a  very 
rigid  construction  results.     No  attempt  is  made  in  the  field  to 
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obtain  a  complete  bond  between  the  filled  concrete  and  the 
concrete  of  the  separately  molded  members,  since  the  filled 
concrete  is  used  either  in  direct  shear  or  in  compression,  or  as  a 
means  for  bonding  the  projecting  rods  in  the  space  between  the 
units. 

The  column  brackets  are  designed  for  shearing  and  bending, 
and  proportioned  to  the  bearing  aiea  required  by  the  girder. 
The  girders  are  figured  as  rectangular  in  section,  although  after 
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Longitudinal   Section 
Fig.  80.— Typical  floor  slab  for  "Unit  System." 

the  grout  has  been  poured,  the  girder  compressive  area  is  largely 
augmented  by  the  concrete  filling  and  the  adjoining  end  beams 
of  the  slab.  In  some  work  the  girders  have  been  figured  as 
simply  supported.  Where  continuous  action  has  been  considered, 
the  girder  is  figured  continuous  only  for  the  live  load,  since  this 
load  comes  upon  the  girder  after  the  connections  are  grouted  in. 
The  main  details  of  the  Ransome  Unit  System  are  shown  in 
Plate  XI.  The  usual  reinforcement  is  placed  near  the  sides  of 
the  columns  and,  in  addition,  a  longitudinal  rod  is  inserted  in  a 
central  cored  hole  extending  lengthwise  through  the  column. 
The  grouting  of  the  column  is  done  from  the  top  after  the  setting 
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Top  Plan 


of  the  girders  and  beams.  The  cored  hole  is  enlarged  and  flared 
out  at  the  bottom  in  order  to  insure  an  even  bed  for  the  colunm. 
The  main  column  reinforcement  is  not  continuous  from  story  to 

story  and  the  cai>s  and  bases  of 
the  columns  are  enlarged  so  that, 
at  these  points,  the  concrete 
alone  will  be  able  to  transfer  the 
weights. 

The  main  girders  are  placed  on 
top  of  the  columns — the  ends  of 
each  girder  being  enlarged  so  as 
to  almost  cover  the  cap  of  the 
column.  The  beams  are  made 
with  dove-tailed  ends  and  fit 
into  pockets  in  the  girders  (Plate 
XI).  In  the  design  of  this  sys- 
tem, the  vertical  stirrups  must 
be  arranged  so  as  to  thoroughly 
bind  the  slab  and  beam,  and 
make  these  members  act  as  a 
unit.  The  beams  and  girders 
are  usually  cast  of  a  depth  equal 
to  the  distance  from  the  bottom 
to  the  neutral  axis  only  (Plate 
XI) .  The  slab  forms  are  erected 
between  the  beams  (which  are 
usually  spaced  about  4  ft.  on 
centers)  and  rest  upon  ledgers 
bolted  to  the  sides  of  the  beam. 
The  beam,  and  girders  are  joined 
to  the  slab  with  a  beveled  joint, 
giving  a  slight  draft  to  the 
forms,  thus  affording  consider- 
able concrete  around  the  con- 
necting rods. 

There  is  no  shoring  placed  im- 
der  the  floor  during  construction 


Bottom  Plan 


Sec-Mon 


Fig.  81. — Detsdls  of  column  con- 
struction, "Unit  System/* 


SO  that  the  beam  and  girder  units  should  be  designed  strong 
enough  to  carry  their  own  weight  plus  that  of  forms  and  wet 
concrete  slabs,  in  addition  to  an  allowance  for  impact  from  buck- 
ets and  so  forth.    The  slab  panels  may  be  removed  in  a  much 
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PLATE  XI 
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shorter  time  than  would  be  permitted  on  monolithic  construction, 
since  the  previously  molded  beams  and  girders  take  care  of  the 
entire  load  up  to  the  time  when  the  full  live  load  is  brought  on 
the  floors. 

The  beams  in  some  buildings  have  been  connected  by  means 
of  tie  bars  as  shown  in  Fig.  82.  At  about  the  quarter  points 
and  in  the  top  of  each  beam  and  girder  a  hole  was  cast,  extending 
down  into  the  beam  about  3  in.  From  this  to  the  end  of  beam  a 
slot  was  formed.  With  two  beams  end  to  end,  a  rod  with  a  right- 
angle  bend  at  each  end  could  then  be  slipped  in  place  before  the 
slab  was  poured.     In  the  more  recent  developments  of  the  system 
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(Plate  XI),  the  ends  of  the  reinforcing  rods  project  above  the 
tops  of  the  beam  and  girder  units  and  a  loose  rod  is  inserted  in 
the  slab  to  provide  for  negative  moment.  The  beams  and 
girders  are  figiured  as  simply  supported  although,  with  proper 
design,  the  continuity  might  probably  be  taken  advantage  of  to 
some  extent. 

20.  Steel  Frame  Construction  with  Concrete  Slabs.— j^The 
steei  skeleton  consists  of  colunms,  girders  and  cross-beams — the 
same  arrangelnent  as  in  the  monolithic  beam  and  girder  construc- 
tion— ^the  beams  usually  being  spaced  about  6  ft.  on  centers. 
The  many  styles  of  this  type  of  construction  differ  from  each 
other  in  the  form  of  slab  steel  used,  the  position  of  the  concrete 
relative  to  the  beam,  and  in  the  use  of  curved  or  flat  slabs^f 
^'I-beams  comletely  enclosed  in  concrete  should  be  wrapped 
with  wire,  wire  mesh,  or  metal  lath,  to  prevent  the  concrete 
below  the  bottom  flange  from  cracking  and  dropping  off.  I  The 
material  used  should  be  of  suflScient  size  to  render  eflScient  ser-  • 
vice  even  though  it  should,  by  some  accident,  become  corroded. 
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It  should  be  wrapped  securely  to  the  I-beam  flange,  and,  at  the 
same  time,  sufficient  space  should  be  left  to  effect  a  concrete 
clinch  between  the  wrapping  material  and  the  beam. 

Fig.  83  shows  the  floor  slab  placed  directly  on  the  tops  of  the 
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Fig.  83. 


Fig.  84. 


steel  beams.  The  reinforcement  of  the  slab  may  be  either  small 
rods,  a  wire  fabric,  or  a  sheet  reinforcement.  ^JThe  slab  as  shown 
must  be  calculated  as  a  simple  beam,  since  reinforcement  is  not 
provided  for  negative  moment  over  the  supports.     The  method  of 
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figuring  such  slabs  and  a  discussion  relating  to  the  reinforcement 
for  negative  moment  is  given  in  Chapter  V  of  Volume  I. 

Fig.  84  is  a  very  common  form  of  concrete  floor  supported  by 
steel  girders.  The  form  for  constructing  same  is  also  shown. 
The  haunches  of  the  slab  are  carried  down  to  the  lower  flange  of 
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the  I-beam,  the  under  surface  of  which  may  be  covered  with 
metal  lathing  and  plaster  for  fire  protection.  (See  Figs.  85  and 
86.)  The  I-beam  is  sometimes  entirely  encased  in  the  concrete 
as  shown  in  Fig.  91,  but  it  is  difficult  to  place  the  material  under 
the  lower  flange. 
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Fig.  89.— Columbian  slab  floor. 
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Concrete  floors  are  sometimes  laid  as  continuous  3labs  with  only 
the  upper  part  of  the  I-beams  in  the  concrete,  and  sometimes  the 
slab  is  so  located  with  reference  to  the  I-beams  that  the  metal  is 
placed  between  the  beams  instead  of  running  over  them,  ^  as  in 
Figs.  87  and  88.  [.Still  another  type  of  floor  consists  of  arches 
sprung  betweea  the  lower  flanges  of  the  I-beams  and  filled  to 
the  floor  level  with  cinders  ' 

In  Fig.  89  is  shown  the  CJolumbian  slab  floor.  The  reinforcing 
bars  are  suspended  from  the  top  flange  of  the  I-beam  by  a  hanger, 
as  shown  in  Fig.  90,  or  they  are  riveted  to  the  web  of  the  beam  as 
shown  in  Fig.  89. 

The  Roebling  slab  floor  is  of  many  types,  a  common  form  being 
shown  in  Fig.  91.     The  reinforcement  is  flat  bars,  which  are  bent 


FiQ.  92. — Roebling  segmental  concrete  arch  floor. 

at  the  beams  so  as  to  connect  with  the  flange  as  shown.  Spacers, 
which  supply  the  place  of  distributing  rods,  are  fitted  into  slots 
in  the  bars.  A  16-ft.  span  may  be  constructed  with  this  type  of 
floor.  A  flat  ceiling  is  obtained  by  suspending  metal  lathing 
from  beam  to  beam  and  plastering.  A  Roebling  segmental  con- 
crete arch  floor  is  shown  in  Fig.  92. 

21.  Floor  Surfaces. — A  concrete  floor  usually  has  a  mortar 
or  granolithic  finish  as  wearing  surface.  Such  a  surface  if  not 
allowed  to  set  rapidly  is  hard  and  practically  impervious  to 
water. 

The  usual  proportions  for  granolithic  finish  are  one  part 
Portland  cement,  one  part  sand,  and  one  part  crushed  stone  which 
passes  through  a  J-in.  mesh  screen.  This  mortar  surfacing  is 
laid  over  the  concrete  slab  and  troweled  to  a  hard  finish.  If 
placed  before  the  concrete  below  has  set,  it  may  be  from  J  in. 
to  1  in.  thick,  but  where  the  concrete  of  the  slab  becomes  old  before 
the  granolithic  finish  is  laid,  the  thickness  should  be  at  least  2  in. 
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Granolithic  finish  is  screeded  to  grade  with  a  straight  edge, 
smoothed  with  a  wooden  float,  and  finished  with  a  steel  trowel. 
It  is  often  marked  off  into  blocks,  or  sections,  of  suitable  size  by 
shallow  grooves.  The  object  in  dividing  the  surface  into  panels 
is  purely  ornamental,  since  reinforcement  against  shrinkage 
cracks  is  provided  in  the  lower  portion  of  the  concrete  slab. 

Some  engineers  prefer  to  lay  a  cinder  concrete  base,  not  less 
than  2  in.  thick,  before  placing  the  cement  finish.  The  advantage 
of  this  method  is  that  should  there  be  any  reason  for  removing  a 
section  of  the  finished  floor,  it  can  be  accomplished  without  injury 
to  the  reinforced-concrete  slab.  On  account  of  the  porosity  of  the 
cinder  concrete  it  is  diflScult,  however,  to  obtain  a  satisfactory 
cement  finish  if  the  same  is  placed  before  the  cinder  concrete  base 
has  set. 

It  is  quite  often  necessary  in  warehouses  and  factories  to 
protect  concrete  floors  against  heavy  trucking.  Discussing  the 
methods  which  have  been  employed  by  the  Aberthaw  Construc- 
tion Co.,  Mr.  M.  C.  Tuttle  writes  as  follows  in  the  Cement  Age, 
issue  of  February,  1912: 

"We  have  used  several  methods  for  this,  particularly  in  paper  mills 
where  the  wet  stock  is  handled  in  big  boxes  which  are  supported  by  small 
iron  wheels.  Here  we  have  used  cast-iron  plates  which  were  bedded  in 
the  concrete,  and  have  also  used  a  rack  made  of  flat  bars  of  steel  with 
washers  between  them;  in  general,  like  a  rack  for  a  head  gate  in  a  canal. 
The  edges  of  the  flat  bars  take  up  the  wear  of  the  trucking  and  have 
proved  quite  satisfactory.  This  is  probably  the  cheapest  form  of  steel 
wearing  surface  which  we  have  used." 

If  a  wood  floor  is  desired,  2  X  3-in.  or  2  X  4-in.  sleepers  are  usually 
laid  on  top  of  the  rough  concrete  slab,  and  cinder  concrete  or 
stone  concrete  poor  in  cement  is  run  between  these  nailing  strips. 
For  ordinary  cases,  |-in.  to  li-in.  maple  flooring  nailed  to 
2  X  3-in.  sleepers,  16  in.  apart,  is  found  satisfactory.  The  propor- 
tions of  cinder  concrete  specified  vary  considerably — average 
proportions,  1:3:6.  The  sides  of  sleepers  are  usually  beveled, 
but  this  does  not  prevent  them  from  becoming  loose  when  the 
wood  shrinks.  The  best  method  of  holding  the  sleepers  in  place 
is  to  drive  40d  nails  in  the  sides  of  the  sleepers  at  intervals  of  three 
feet,  on  alternate  sides.  These  nails  key  with  the  concrete  and 
prevent  any  movement  of  the  sleeper. 

There  has  been  much  dissatisfaction  with  the  above  method  of 
constructing  wooden  floor  surfaces  on  account  of  the  liability  of 
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the  sleepers  to  decay  by  dry  rot.  To  avoid  decay  the  sleepers 
should  be  well  seasoned,  and  care  should  be  taken  to  permit  no 
moisture  to  reach  them  even  after  the  top  flooring  is  in  place. 
Sufficient  time  should  be  allowed  the  concrete  to  dry  out  before 
the  finished  flooring  is  laid.  Dry  rot  is  a  fungus  disease  of  wood 
that  thrives  in  the  presence  of  moisture  and  absence  of  circulating 
air.  It  makes  little  difference  whether  the  moisture  is  the  sap  of 
the  green  wood,  or  water  that  soaks  into  the  wood  after  it  has  been 
dried. 

Sleepers  are  sometimes  laid  in  dry  cinder  fill.  In  such  construc- 
tion the  chance  of  dry  rot  is  probably  small,  since  there  is  some 
opportunity  for  air  circulation  through  the  porous  cinders. 
Cinders  would  also  tend  to  absorb  the  moisture. 

A  sand-and-tar  base  for  plank  flooring  on  reinforced-concrete 
floor  slabs  has  been  employed  to  some  extent  to  avoid  any  danger 
from  dry  rot.  A  layer  of  sand  mixed  with  coal  tar  is  spread  about 
1  Jin.  thick  on  the  floor  slab  and  leveled  while  still  warm  and  soft 
with  a  straight-edge.  On  this  layer  is  then  placed  first  a  layer  of 
2-in.  plank,  then  |-ln.  rough  pine  board,  and  finally  a  wearing 
surface  of  |-in.  to  IJ-in.  maple.  The  different  layers  of  planking 
should  be  placed  in  different  directions. 

The  following  construction  has  been  used  in  school-house  floors 
with  satisfactory  results:  At  the  completion  of  the  floor  slab,  a 
1-in.  footing  of  sand  is  placed  on  top  of  the  same  and  brought  to  a 
true  level  by  screeding.  On  top  of  the  sand  are  placed  IJ-in. 
boards  laid  diagonally  and  nailed  together  at  the  edges.  The  form 
lumber  used  for  centering  is  generally  employed  for  this  work. 
On  top  of  the  li-in.  boards  is  then  placed  building  paper,  which  in 
turn  is  covered  by  the  finished  flooring. 

In  hotels  and  similar  establishments,  linoleum  or  carpeting  over 
a  fairly  smooth  cement  base  seems  to  give  satisfaction.  The  fol- 
lowing discussion  by  E.  .1.  Ruxton^  in  Concrete  Cement  Age  for 
October,  1912,  should  be  of  interest: 

"In  regard  to  the  sawdust  concrete  floors  laid  at  Springfield  Public 
Library,  the  conditions  and  results  in  this  work  are  approximately  as 
follows: 

"Several  preliniinary  samples  were  made  up  of  cement,  sand  and  saw- 
dust in  the  following  proportions:  1:2:2,  1:2:3,  1:4:J,  1:3}: J, 
1:3:J,  andl:2i:§. 

^Member  of  the  firm  of  Birnie,  Adams  &  Ruxton  Construction  Co., 
Sprin^eld,  Mass. 
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''The  cement  used  was  both  Lehi^  and  Iron  Clad  cement  on  which 
no  previous  tests  had  been  made.  The  sand  was  a  clean,  sharp  sand 
secured  locally,  and  the  sawdust  was  that  obtained  from  a  local  box  fac- 
tory, consisting  of  the  sawdust  from  native  pine  wood,  most  of  which 
probably  was  green  wood.  These  samples  were  made  in  a  box  1  ft. 
square  and  3  in.  high,  having  no  bottom,  and  resting  directly  on  rein- 
forced-concrete  floors  that  had  been  installed.  After  allowing  these  to 
set  about  2  weeks,  it  was  found  that  of  all  the  samples  made,  the 
only  two  which  seemed  at  all  possible  to  use  were  the  mixtures  1:2:1 
and  1:2:2,  although  the  architect  had  specified  a  1:2:3  mixture. 

"In  laying  the  floors  a  2-in.  base  course  of  cinder  concrete,  mixed 
in  proportions  of  1:3:5  was  first  placed  on  the  reinforced-concrete 
floor,  and  on  this  was  placed  a  1-in.  finish  course  of  1 : 2: 2  saw-dust  mix- 
ture. The  first  day's  run  we  installed  about  265  sq.  yd.,  but  because 
of  rainy  weather  we  had  to  discontinue  operations  for  about  4  days. 
At  the  end  of  this  time,  it  was  seen  that  this  original  265  sq.  yd.  had  not 
hardened  sufficiently  to  sustain  any  weight,  and  also  showed  no  hold- 
ing power  for  nails,  which  were  to  be  driven  into  it  finally.  It  was 
then  decided  to  change  ihia  top  mixture  to  1:2: 1,  and  when  the  opera- 
tions were  continued  this  mixture  was  used,  which  gave  better  results. 

"  However,  it  was  seen  that  this  top  mixture  might  possibly  be  made 
still  better  by  changing  it  to  the  proportions  of  l:2:f,  this  latter  mix- 
ture being  used  for  the  remainder  of  the  5000  sq.  yd.  installed. 

"The  writer  would  state  that  in  laying  this  floor  it  was  not  the  in- 
tention to  construct  a  floor  which  would  stand  the  ordinary  wear  on 
its  surface,  as  it  was  the  intention  to  produce  a  surface  on  which  a  cork 
carpet  could  be  laid,  providing  strong  holding  power  for  the  nails  and 
at  the  same  time  producing  a  softer  surface  for  a  carpet  than  the  ordi- 
nary 1 : 2  cement-sand  mixture  would  produce.  It  was  found  that  with 
the  mixture  of  1:2:  J  it  was  practically  impossible  to  drive  nails  in  it, 
but  in  the  mixture  1:2 :}  no  difficulty  was  noticed  in  driving  the  nails 
and  at  the  same  time  they  had  good  holding  power. 

"In  working  this  top  finish,  it  was  the  intention  to  place  it  not  later 
than  50  minutes  after  the  bottom  cinder  concrete  was  placed.  This  re- 
sult, however,  could  not  always  be  obtained  because  of  rainy  weather, 
so  that  in  the  event  of  a  longer  time  having  elapsed  between  the  placing 
of  the  finish  coat  on  the  bottom  course,  a  wash  of  cream  cement  and 
water  was  first  applied,  before  the  top  or  finish  coat  was  placed. 

"In  regard  to  the  troweling  or  finishing  of  this  coat,  1  in.  X  2  in. 
screeds  were  placed  on  the  bottom  or  cinder  concrete,  and  leveled,  and 
the  top  course  placed  and  screeded  down  with  a  straight-edge  having 
a  steel  face.  The  object  of  this  was  to  secure  a  smooth  surface  requir- 
ing no  troweling,  as  this  top  course  set  very  slowly,  thus  delaying 
any  opportxmity  for  troweling.  Wherever  there  were  any  rather  rough 
spots  these  were  usually  rubbed  down  the  next  morning,  the  top  course 


144      REINFORCED  CONCRETE  CONSTRUCTION 

having  set  sufficiently  to  sustain  the  weight  of  a  man  and  allow 
troweling. 

"For  the  troweling,  we  used  an  ordinary  wood  float  instead  of  a  steel 
trowel.  This  gave  a  smooth  enough  surface  for  laying  a  cork  carpet, 
*  and  prevented  unnecessary  travel  over  the  green  floor  to  seciu-e  this. 
About  two  weeks  after  this  surface  of  sawdust  concrete  was  laid,  the 
interior  decorating  and  plastering  of  the  library  building  was  done. 
This  necessitated  the  floor  carrying  heavy  horses  for  platforms,  and 
heavy  traffic,  and  at  the  end  of  the  plastering  period  it  was  necessary 
to  remove  all  surplus  plastering  from  the  floor.  Even  with  this  hard 
usage  very  little  patching  had  to  be  done  before  the  cork  carpet  could 
be  laid. 

"It  will  be  two  years  this  fall  since  this  floor  was  installed,  but  as  it 
is  covered  with  the  cork  carpet,  we  have  no  way  of  telling  in  just  what 
condition  it  may  be.  We  have,  however,  heard  no  complaint  in  regard 
to  the  carpet  becoming  loose  or  the  nails  pulling  out." 

Flat  tiles  are  sometimes  employed  as  a  floor  surface  in  reinf orced- 
concrete  construction.  The  most  durable  and  sanitary  tile  is  the 
vitreous-clay  tile.  The  ceramic  tile  is  perhaps  the  most  often 
used  and  is  a  vitreous-clay  tile  manufactured  in  square,  hexagonal, 
and  round  shapes.  The  squares  range  in  size  from  i  in.  to  f  in. 
and  the  hexagonal  shapes  from  J  in.  to  1  in.  Tiles  are  laid  some 
little  time  after  the  floor  slab  is  poured  and,  if  set  in  Portland- 
cement  mortar,  should  be  embedded  in  a  layer  not  less  than  2  to 
2i  in.  thick  in  order  to  prevent  curling  of  the  tile  due  to  shrinkage 
of  the  base.  There  are  now  on  the  market,  however,  some 
patented  bases  which  seem  satisfactory  and  which  will  allow  a 
bedding  thickness  of  only  1  in.  over  and  above  the  thickness  of 
the  floor  slab  proper. 

22.  Loading. — ^The  following  loading  for  floors,  extracted  from 
the  Boston  building  laws,  represents  first-class  modem  practice: 

"All  new  or  renewed  floors  shall  be  so  constructed  as  to  carry  safely 
the  weight  to  which  the  proposed  use  of  the  building  will  subject  them, 
and  every  permit  granted  shall  state  for  what  purpose  the  building  is 
designed  to  be  used;  but  the  least  capacity  per  superficial  square  foot, 
exclusive  of  materials,  shall  be: 

"For  floors  of  dwellings  and  for  apartment  floors  of  apartment  and 
public  hotels,  50  lb. 

"For  office  floors  and  for  public  rooms  of  apartment  and  public 
hotels,  100  lb. 

"For  floors  of  retail  stores  and  public  buildings,  except  school- 
houses,  125  lb. 
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"For  floors  of  schoolhouses,  other  than  floors  of  assembly  rooms,  80 
lb.,  and  for  floors  of  assembly  rooms,  125  lb. 

"For  floors  of  drill  rooms,  dance  halls  and  riding  schools,  200  lb. 

"For  floors  of  warehouses  and  mercantile  buildings,  at  least  250  lb. 

"The  loads  for  floors  not  included  in  this  classification  shall  be 
determined  by  the  Commissioner,  subject  to  appeal,  as  provided  by  law. 

"  The  full  floor  load  specified  in  this  section  shall  be  included  in  pro- 
portioning all  parts  of  buildings  designed  for  dwellings,  hotels,  school- 
bouses,  warehouses,  or  for  heavy  mercantile  and  manufacturing  pur- 
poses. In  other  buildings,  however,  certain  reductions  may  be  allowed 
as  follows:  In  gu-ders  carrying  more  than  100  sq.  ft.  of  floor,  the  live 
load  may  be  reduced  by  10  per  cent.  In  columns,  piers,  walls,  and 
other  parts  carrying  two  floors,  a  reduction  of  15  per  cent  of  the  total 
live  load  may  be  made;  where  three  floors  are  carried,  the  total  live 
load  may  be  reduced  by  20  per  cent;  four  floors,  25  per  cent;  five  floors, 
30  per  cent;  six  floors,  35  per  cent;  seven  floors,  40  per  cent;  eight 
floors,  45  per  cent;  nine  or  more  floors,  50  ngr  cent." 

In  a  factory  or  warehouse  it  is  of^Tpossible  to  calculate  ac- 
curately the  maximum  weight  which  a  floor  will  be  called  upon  to 
carry.  For  the  very  heaviest  loading  the  problem  is  frequently 
the  simplest  since  such  loading  is  apt  to  be  due  to  certain  definite 
weights,  such  as  the  weigfit  of  merchandise.  The  loading,  how- 
ever, must  often  be  assumed  without  actual  computation,  and 
the  dynamic  effect  of  the  live  load  will  often  require  considera- 
tion. Mr.  Sanford  E.  Thompson  in  "Reinforced  Concrete  in 
Factory  Construction,"  published  by  The  Atlas  Portland  Cement 
Co.,  suggests  the  following  values  as  a  guide  to  the  selection  of 
floor  loads: 

Oflice  floors 100  lb.  per  square  foot. 

Light  running  machinery 200  lb.  per  square  foot. 

Medium  heavy  machinery 200  lb.  per  square  foot. 

Heavy  machinery 250  lb.  per  square  foot. 

Storage  of  parts  of  finished  pro- 
ducts, depending  upon  actual 
calculated  loads 150  to  500  lb.  per  square  foot. 

Slabs  and  beams  in  floor  construction  should  always  be  calcu- 
lated for  full  loading,  but  girders  and  columns  are  sometimes  de- 
signed for  a  slightly  smaller  load  if  the  loading  at  any  given  time 
occurs  over  only  a  part  of  the  floor. 

The  working  stresses  usually  employed,  and  those  recommended 
by  the  Joint  Committee  (see  Appendix)  are  intended  to  apply  to 
static  loads.     Proper  allowance  for  the  dynamic  effect  of  the 

10 
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live  load  should  be  taken  into  account  by  adding  the  desired 
amount  to  the  live  load  to  produce  an  equivalent  static  load  before 
applying  the  unit  stresses  in  proportioning  parts.  An  allowance 
for  impact  will  be  necessary  only  in  special  cases,  as  in  the  case 
of  floors  supporting  heavy  machinery.  The  amount  to  add  to  the 
live  load  because  of  impact  will  vary  all  the  way  from  25  per  cent 
to  100  per  cent  depending  upon  the  proportion  of  the  specified 
live  load  which  may  be  subject  to  motion. 

The  dead  load  of  any  floor  may  be  estimated  from  the  following 
approximate  data — weights  are  per  square  foot  of  floor  surface: 

Wooden  wearing  surfaces,  4  to  6  lb. 

Screeds  or  nailing  strips,  2  lb. 

Cinder-concrete  filling  (2  in.  thick),  15  lb. 

Hollow  tile,  see  Art.  17. 

Plaster,  5  lb. 

Suspended  ceiling,  10  lb. 

Cinders,  7  lb. 
23.  Economical  Considerations. — The  size  of  floor  bays  de- 
pends upon  the  loading,  the  uses  to  which  the  building  is  to  be 
put,  and  the  size  and  shape  of  the  ground  area.  In  a  large  build- 
ing it  is  frequently  worth  while  to  make  several  comparative 
estimates  with  different  layouts  of  the  beams,  girders  and  columns, 
so  as  to  obtain  the  most  economical  arrangement  under  the  given 
conditions. 

The  cost  of  changing  forms  to  meet  changes  in  sizes  of  beams 
and  columns  in  different  stories  must  be  kept  constantly  in  mind. 
It  is  more  economical  to  vary  the  depths  of  beams  from  floor  to 
floor  than  the  widths,  on  account  of  the  slab  panels;  and  to  vary 
square  columns  in  one  dimension  rather  than  in  two,  both  on 
account  of  the  columns  themselves  and  the  beams  which  frame 
into  them.  It  is  not  advisable  to  change  the  size  of  members 
from  floor  to  floor  for  small  differences  in  computed  dimensions; 
nor  is  it  advisable  on  any  floor,  if  simplicity  in  field  work  is 
desired,  to  make  slight  changes  in  the  sizes  of  beams  and  in  the 
thicknesses  and  reinforcement  of  the  slabs,  unless  such  variations 
occur  over  large  areas.  When  slabs  of  considerable  variation 
in  span  alternate,  it  is  better  to  vary  the  thickness  and  keep 
the  reinforcement  the  same,  than  to  vary  the  reinforcement 
and  use  the  same  thickness  of  slab.  Although  slight  differences 
in  dimensions  are  not  desirable,  the  designs  made  should  be  con- 
sidered carefully  in  every  detail. 
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24.  Small  Floor  Openings. — The  methods  of  arranging  slab 
reinforcement  around  small  openings,  such  as  for  chimneys  and 
ventilators,  needs  some  consideration.  Both  a  wrong  and  a 
right  method  are  shown  in  Fig.  93.  The  openings  are  shown 
against  a  wall,  and  the  floor  slab  is  reinforced  in  only  one 
direction. 

The  method  shown  of  placing  the  reinforcing  rods  parallel  to 
the  opening  makes  a  neat  looking  job,  but  it  should  be  evident 
that  no  proper  provision  is  necessarily  made  to  carry  the  load 
which  would  ordinarily  come  on  the  wall  at  the  openings.  The 
right  method  shown  in  less  artistic,  but,  as  a  general  rule,  is 
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Fig.  93. — Method  of  placing  reinforcement  around  small  floor  openings. 

vastly  more  efficient.  The  cross  rods  serve  only  to  reinforce  the 
slab  locally.  All  such  designs  should  be  carefully  studied  to 
make  sure  that  the  required  strength  is  secured  at  all  points. 
Slab  rods  should  never  be  curved  horizontally  to  dodge  floor 
openings  as  a  curved  rod  will  tend  to  rotate. 

Wrought-iron  and  gal vani zed-iron  sleeves  are  built  into  the 
construction  work  for  all  steam,  return,  sprinkler,  sewer,  gas,  and 
similar  pipes.  All  floor  sleeves  should  be  flush  with  the  ceiling 
line  and  should  extend  about  2  in.  above  the  floor  line.  Pipe- 
risers  should  not  be  allowed  to  come  up  through  columns  as 
repairs  and  alterations  are  difficult,  if  not  impossible,  under  such 
an  arrangement;  electric  conduits,  however,  form  an  exception 
to  this  rule.  Special  shafts  with  fire-proof  walls  are  sometimes 
used  for  plumbing  and  vent  pipes,  and  this  practice  has  much  to 
commend  it  since  a  floor  to  be  a  perfect  fire  cut-off  should  be 
solid  from  wall  to  wall,  with  stairways,  elevators,  and  all  openings 
enclosed  in  vertical  fire-proof  walls. 
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26.  Provision  for  the  Attachment  of  Shaft-hangers  and 
Sprinkler  Pipes. — There  are  many  different  methods  of  attaching 
shafting,  sprinkler  pipes,  and  machinery  to  the  under  side  of  a 
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Fig.  96. — Detail  of  socket  and  bolt. 


concrete  floor.  The  method  adopted  should  be  as  flexible  as 
possible  in  order  to  accommodate  future  changes  in  the  line  of 
shafting,    additions,    or   improved   machinery.     All   bolts   and 
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sockets  should  be  placed  before  the  concrete  is  run,  as  drilling  Is 
expensive  and  reinforcing  bars  are  liable  to  be  encountered,  which 
would  cause  more  or  less  difficulty  and  might  lead  to  serious 
trouble  if  cut  off. 
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A  convenient  method  is  to  place  suitable  bolts  at  intervals, 
usually  4  ft.  on  centers,  with  their  threaded  ends  projecting  from 
the  concrete.  By  means  of  these  projecting  bolts,  timbers  may 
be  fastened  wherever  desired  and  the  shaft-hangers  lag-screwed 
in  place. 
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The  heads  of  bolts  projecting  into  concrete  should  be  enlarged 
or  bent  so  that  the  bolt  will  not  tear  out.  If  desired,  a  washer 
or  plate  may  be  employed  for  this  purpose  underneath  the  head 
of  the  bolt.  Figs.  94  and  95  illustrate  the  use  of  large  washer 
nuts.     These  are  temporarily  held  in  position  by  a  thin  iron  tube 
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resting  on  the  centering  and  by  a  bolt  projecting  through  the 
hole  in  the  bottom  of  the  beam  box.  The  washer  nut  is  tightened 
down  to  the  top  of  the  tube  which  secures  it  firmly  in  an  upright 
position  (see  Concrete  Engineering  Go's,  detail  shown  in  Fig.  96). 


Anchor 


r"'i 


Fig.  108. 


When  the  beam  boxes  or  centering  are  removed  the  bolts  are 
easily  unscrewed  from  the  nut,  leaving  a  clear  passage  through 
the  concrete  to  the  nut  above.  The  stirrups  shown  are  to 
prevent  excessive  deformation  in  the  beam.     By  the  method 
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shown  in  Fig.  95,  the  shaft-hangers  may  be  securely  fastened  by 
bolts. 

When  projecting  bolts  are  used,  it  is  seldom  that  all  are  made 
use  of,  and  those  not  used  present  an  unsightly  appearance. 
This  is  the  main  objection  to  the  scheme  shown  in  Fig.  97. 
Saddles  and  check  nuts  serve  to  hold  the  long  bolts  in  position. 

The  Unit  socket  is  shown  in  Fig.  98.  This  device  serves  also 
as  a  support  and  spacer  for  the  beam  rods,  keeping  them  all 


Courtesy  of  Mr.  H.  F.  Porter,  Mfg.  Editor  of  '"Factory.'' 

Fig.  109. — Interior  Philadelphia  Watch  Case  Co.,  Riverside,  N.  J. 
Inserts  for  holding  sprinkler  pipes  similar  to  the  insert  shown  in  Fig.  99. 
Sliding  door  at  the  right  should  be  noted. 

properly  spaced  from  each  other  and  from  the  beam  box  or 
centering. 

A  form  of  adjustable  socket  for  use  in  beams,  principally,  is 
shown  in  Fig.  99.  These  castings  are  made  in  convenient  lengths 
and  the  slot  in  the  bottom  makes  it  possible  to  place  hangers  or 
bolts  at  any  desired  location  along  the  length  of  the  insert.  The 
casting  can  be  anchored  as  securely  in  the  concrete  as  may  be 
necessary  by  the  use  of  stirrups  passed  through  the  open  spaces. 
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Figs.  100  and  101  illustrate  two  other  methods  used  for  attach- 
ing shaft-hangers  to  beams.  Fig.  100  is  what  is  known  as  a  pipe 
slot  hanger.  Fig.  101  can  be  made  a  strong  and  serviceable 
support  for  motors  and  machinery. 

The  schemes  shown  in  Figs.  102  and  103  have  been  used  quite 
extensively  by  the  Turner  Construction  Co.  of  New  York. 

Fig.  104  shows  a  hanger  socket  mainly  for  use  in  slabs.  The 
casting  varies  in  length  with  the  depth  of  the  slab  and  is  made 
smaller  at  the  tapped  end  than  at  the  top,  so  there  will  be  no 


Courtesy  of  Turner  Construction  Co. 

Fia.  lie. — Press  room,  Robert  Gair  Factory,  Brooklyn,  N.  Y.  Note 
heavy  machinery  loads  supported  on  floors  designed  for  200  lb.  per  square 
foot.     Also,  note  sprinkler  and  wiring  connections. 

possibility  of  the  binding  of  the  tap-screw  when  screwed  in. 
The  cross-pin  shown  passes  transversely  through  a  cored  hole 
in  the  upper  end  of  the  casting.  Fig.  105  shows  a  somewhat 
similar  type  of  socket.  A  bolt  through  a  hole  in  the  form  secures 
it  in  position  during  concreting.  Figs.  106  and  107  show  two 
other  methods  used  for  slabs  between  beams. 

A  flexible  method  of  attachment  is  shown  in  Fig.  108 — a 
method  used  in  the  shops  of  the  United  Shoe  Machinery  Co., 
Beverly,  Mass.  The  anchor  bolts  were  spaced  3  ft.  on  centers 
in  all  transverse  floor  and  roof  girders.  A  transverse  line  of 
bolts  alternately  spaced  1  ft.  and  6  ft.  centers  was  also  built  in 
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the  middle  of  each  floor  and  roof  panel.  In  the  girder  arrange- 
ment, the  nuts  on  the  lower  ends  of  the  anchor  bolts  engage  cast- 
iron  saddles  which  clamp  against  pairs  of  angles  with  wood 
fillers.     Fig.  108  shows  how  the  ''T  "-headed  attaching  bolts 


CourU»y  of  Turner  Conatruction  Co. 

Fio.  111. — Paper-cutting    machines  in  Gair  Building. 

attaching  shafting. 


Note  method  of 


may  move  freely  along  the  slot  formed  by  the  angles.  In  the 
floor  panels,  the  bolts  have  simple  heads  or  nuts  upon  the  upper 
ends  which  bear  upon  flat  washers.  In  thin  slabs  the  heads  bear 
upon  washer  plates  in  the  upper  surface  of  the  slab  (Fig.  108). 
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It  is  not  good  practice  to  depend  upon  reinforcing  rods  for 
direct  support  of  shaft-hangers,  as  thereby  too  great  a  strain  is 
placed  locally  on  the  rods  and  the  concrete  under  them  will 
become  loosened  from  the  continuous  pull  and  vibration  of  the 
shafting. 

Figs.  109  to  112,  inclusive,  will  give  the  student  a  better  idea 
of  the  manner  of  attaching  shaft-hangers  and  sprinkler  pipes. 


Courtfay  of  Universal  Portland  Cement  Co. 

Fio.  112. — Factory  building  of  the  Minnesota  State  Prison,  Stillwater, 
Minnesota.  Mushroom  system.  Note  the  attachment  of  sprinkler  pipes 
and  shafting. 


26.  Bedding  Machinery. — Machines  can  readily  be  connected 
to  the  concrete  by  drilling  small  holes  in  the  floor  at  the  proper 
points  and  setting  lag-screws  or  through-bolts.  If  through-bolts 
are  required,  the  holes  should  be  located  before  the  floor  is  con- 
creted. A  permanent  level  base  may  be  obtained  by  leveling 
the  machine  an  inch  or  two  above  the  foundation  proper  and 
grouting  it  in  place.  A  dam  of  sand  is  first  built  around  the 
machine.  Then  the  grout,  in  proportions  one  part  cement  to  one 
or  two  parts  of  sand  mixed  to  the  consistency  of  thick  cream, 
is  poured  so  as  to  run  under  the  casting.  As  the  mortar  hardens 
it  is  continually  rammed  with  a  rod  to  prevent  shrinkage. 

In  most  cases  machinery  runs  better  and  lasts  longer  if  placed 
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on  solid  foundations,  but  there  are  exceptional  cases  where 
machines  seem  to  require  more  or  less  give  on  their  bases,  as  in 
certain  textile  mills.  In  such  cases  a  wood-finished  floor  can  be 
laid  or  wooden  timbers  fastened  to  the  concrete  floor.  Sheet 
cork  and  linoleum  carpet  have  also  been  used  for  this  purpose. 

27.  Waterproof  Floors  for  Fire  Protection. — In  case  of  fire,  a 
watertight  floor  in  factory  buildings  prevents  damage  from  water 
to  the  machinery  or  materials  in  the  stories  below.     According  to 

Insurance  Engineering^  the  damage  from 
water  after  a  fire  in  fireproof  factory  build- 
ings is  much  greater  than  that  from  the  fire 
itself.  A  concrete  floor  with  granolithic  sur- 
face is  practically  impervious  to  water  but 
unless  a  floor  is  made  self-draining,  water  will 
get  down  through  the  floor  openings.  Raised 
sills  should  be  provided  around  all  openings, 
whether  or  not  a  cement  finish  is  used,  and 
scuppers  of  ample  size  should  be  placed  in  the 
outside  walls  to  carry  water  from  the  floors  to 
the  outside  of  the  building.  Fig.  113  is  a 
detail  of  wall  scuppers  used  in  the  Liberty 
Silk  warehouses,  New  York  City.  The  waterproofing  of  floors 
may  be  accomplished  by  using  an  impervious  finished  flooring 
or  by  using  an  under  coating  of  asphalt  felt  laid  in  hot  asphalt. 

28.  Tests. — Within  the  last  few  years  full-sized  floor  panels  of 
both  the  monolithic  beam  and  girder  and  the  flat-slab  types, 
have  been  tested  (Fig.  114)  for  the  elastic  deformation  of  the 
concrete  and  the  steel  under  increasing  loads.  The  tests  con- 
sisted in  loading,  with  an  increasing  load,  a  number  of  consecutive 
panels  of  a  reinforced-concrete  building,  and  of  observing  the 
exact  contraction  or  expansion  of  certain  portions  of  the  steel 
and  of  the  concrete  by  means  of  delicate  instruments.  In  order 
to  make  such  observations,  the  concrete  was  removed  from  the 
steel  in  given  places,  and  drill  holes  were  made  in  the  steel  thus 
uncovered.  Into  these  holes  the  extensometer  points  were 
placed.  Small  holes  were  also  drilled  in  the  concrete  for  the  same 
purpose.  From  the  elastic  deformations  obtained  as  above 
described  and  from  values  obtained  for  moduli  of  elasticity  of 
the  steel  and  concrete,  the  stresses  in  the  members  were  computed 
and  the  results  compared  with  those  for  which  the  building  was 
designed. 


FLOORS 


157 


Only  experienced  observers  were  employed  in  making  the  tests 
above  described  on  account  of  the  small  deformation  in  the  mate- 
rial. This  small  deformation  makes  great  care  necessary  in  the 
manipulation  of  the  instruments  if  reasonable  accuracy  is  to  be 
obtained.  The  possibilities  of  this  method  have  not  yet  been  re- 
alized, but  it  is  expected  that  in  the  near  future  important  results 
will  come  from  an  analysis  of  the  stresses  obtained  from  a  number 
of  these  tests. 


Courtety  of  Perro-concrete  Construction  Co. 

Fig.  114. — Test  of  floor  in  the  Wenalden  warehouse,  Chicago,  111. 


The  presence  of  arch  action  in  flat-slab  floors  is  very  clearly 
shown  in  Figs.  115  and  116.  The  diagrams  were  made  from 
measurements  taken  in  the  test  of  the  Chicago  warehouse  of 
Larkin  Co.  (Fig.  71)  by  Mr.  Arthur  R.  Lord,  structural  and  test- 
ing engineer  of  Chicago.  The  building  was  designed  in  accordance 
with  Chicago's  building  ordinance  which  governs  flat-slab  con- 
struction. Fig.  117  shows  the  location  of  the  gage  points  on  the 
upper  surface  of  the  slab.  The  diagrams  show  the  upper  and 
lower  surfaces  of  the  slab  to  be  in  compression  for  a  considerable 
distance  on  either  side  of  the  point  of  inflection.  The  average 
compression  on  the  section  at  the  point  of  inflection  is  indicated  as 
from  150  to  250  lb.  per  square  inch.  As  in  other  tests  for  actual 
stresses  it  is  evident  from  the  measured  stresses  that  a  great  deal 
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Note    Design  Load  370  lb  per  sq.ft. 

Fig.  115. — Point  of  inflection  readings  in  diagonal  direction  across  wall 

panel. 


Note :  Design  Load    370"  lb  per  sq.ft 
Fig.   116. — Point  of  inflection  readings  in  long  cross  direction  of  wall  panel. 
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of  the  load  is  carried  by  the  moment  of  the  plain  concrete  slab  and 
by  arch  action.  The  compressive  stresses  are  altogether  greater 
than  the  tensile  stresses  in  the  steel  would  lead  us  to  expect. 

In  the  Larkin  test,  deflections  were  measured  at  24  points. 
In  Fig.  118  three  important  readings  are  plotted  for  the  entire 
period  of  the  test  and  for  one  week  subsequent  to  the  removal  of 


the  load.  These  readings  were  taken  at  the  centers  of  panels  and 
are  very  instructive.  Mr.  Lord  in  a  paper  given  before  the 
Ninth  Annual  Convention  of  the  National  Association  of  Cement 
Users,  states: 

"  Four  sets  of  readings  were  taken  under  full  load  (twice  the  dead  and 
live  design  load)  and  three  sets  after  the  load  was  removed.  In  Fig. 
118  note  that  the  deflection  decreased  during  the  last  five  hours  that  the 
full  load  remained  on  the  floor.  A  few  days  after  the  test  load  was 
removed  it  became  necessary  to  place  the  cinder  fill  and  floor  strips  for 
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the  maple  flooring  and  these  were  held  in  place  by  posts  and  wedges 
driven  hard  against  the  slab  above.  A  material  increase  in  the  deflee* 
tion  resulted.  At  the  time  the  last  reading  was  taken,  the  posts  had 
been  removed  a  short  time,  and  the  weight  of  the  cinder  fill  and  sleepers 
alone  was  on  the  floor." 


One  Space  eqva/s  0.O5  Deflection 
Fig.  118. — Deflection  diagram. 


In  connection  with  the  introduction  of  the  Ransome  Unit 
System  (see  Art.  19),  a  series  of  very  interesting  tests  were  made 
in  the  Harvard  University  Laboratory  on  T-beams  of  both  the 
monolithic  and  unit  types,  reinforced  with  straight  rods  only,  and 
with  both  straight  and  bent  rods.  The  top  of  the  stem  of  some  of 
the  unit  beams  were  left  fairly  smooth,  as  would  occur  in  every- 
day practice,  and,  in  the  other  unit  beams,  deep  corrugations 
were  made.  All  the  beams  had  U-stirrups  which  extended  well 
up  into  the  slab.  In  the  unit  beams,  the  slab  was  cast  from  four 
to  nine  days  later  than  the  stem.  Twenty-eight  beams  were  pre- 
pared, but  only  eleven  have  so  far  been  tested — the  balance  being 
held  for  a  longer-time  test. 
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Professor  L.  J.  Johnson,  who  made  the  experiments,  expects  to 
publish  in  due  season  a  complete  report  of  both  the  short-  and 
long-time  tests.  Some  of  the  conclusions  arrived  at  by  Ransome 
and  Saurbrey  (eye-witnesses  of  these  tests),  as  given  in  their  book 
"Reinforced  Concrete  Buildings,"  are  as  follows: 

"The  unit  beams  stood  up  as  well  under  the  load  as  the  monolithic 
beams,  so  that  the  joint  between  slab  and  stem  was  perfectly  adequate, 
whether  corrugated  or  plain.  The  general  behavior  of  all  these  beams 
up  to  the  point  of  failure  was  so  much  the  same  that  no  one,  from 
observation  of  the  beams  in  the  machine,  could  have  pointed  out  which 
beams  were  unit  and  which  monolithic.  In  fact,  they  all  failed  in  the 
customary  manner,  exhibiting  the  usual  inclined  and  vertical  cracks, 
and  no  sliding  was  noticeable  between  slab  and  stem,  although  care- 
fully looked  for. 

'^The  feasibility  of  the  unit  beam  was  established  beyond  doubt, 
contrary  to  what  many  engineers  would  probably  have  expected.  In 
fact,  many  building  regulations  throughout  the  country  specify  posi- 
tively that  the  beam  and  its  superimposed  slab  must  be  concreted  in 
one  continuous  operation.  Where  improperly  designed  (or  otherwise 
inadequate),  U-bars  are  used,  this  rule  is  undoubtedly  highly  benefi- 
cial, but  where  proper  U-bars  are  used,  the  rule  is  wholly  unnecessary. 
The  progress  report  of  the  special  committee  of  the  American  Society 
of  Civil  Engineers  reconmiends  that  the  slab  be  considered  effective 
in  compression  when  "proper  bond"  is  provided  between  slab  and 
stem;  it  will  be  appreciated  that  this  is  a  much  more  consistent  require- 
ment, although  somewhat  indefinite.  The  beams  tested  so  far  have 
shown  that  the  bond  provided  was  adequate,  whether  the  more  elabo- 
rate method  of  corrugating  the  top  of  the  stem  was  used,  or  whether 
the  top  of  the  stem  was  simply  left  as  it  was  upon  completion." 

During  the  last  few  years  a  number  of  experiments  have  been 
made  to  determine  the  possibility  of  damage  to  reinforced  con- 
crete structures  by  stray  currents  from  electric  railways  and  other 
power  sources.  A  summing  up  of  the  general  results  of  these 
experiments  is  given  in  the  Joint  Comnuttee's  report  at  the  end 
of  this  volume. 

29.  Basement  Floors. — A  basement  floor  in  dry  ground  is 
usually  made  of  1 : 3 : 5  concrete,  3  or  4  in.  thick.  Usually  no  wear- 
ing surface  is  needed  other  than  the  ordinary  concrete  troweled 
to  a  hard  finish,  but,  where  considerable  wear  is  expected,  the 
usual  mortar-coat  may  be  laid  as  on  the  upper  floors.  To  pre- 
vent shrinkage  cracks,  the  floor  should  be  divided  into  blocks 
about  8  or  10  ft.  square.  This  may  be  accomplished  by  laying 
11 
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alternate  blocks,  and  then  filling  in  the  intermediate  ones  after  the 
adjoining  concrete  has  set. 

It  is  not  safe  to  depend  upon  the  concrete  itself  being  water- 
tight. If  the  basement  is  below  tide  water  or  ground  water  level, 
a  layer  of  waterproofing  consisting  of  three  to  six  layers  of 
waterproof  felt  (cemented  together  and  to  the  concrete  by  coal- 
tar  pitch  or  asphalt)  should  be  spread  on  the  concrete  and  carried 
up  in  continuous  sheets  on  the  walls  to  above  water  level.  The 
whole  surface  should  then  be  covered  with  another  layer  of  con- 
crete at  least  3  or  4  in.  thick. 

The  earth  under  the  basement  floor  should  be  well  drained,  and 
drains  of  tile  pipe,  or  of  screened  gravel  and  stone,  may  be  placed 
in  trenches  just  below  the  floor.  Sometimes  it  is  necessary  to 
cover  the  entire  area  with  cinders  or  stone;  and  sometimes  the 
concrete  must  be  made  extra  thick,  or  reinforcement  added,  to 
resist  the  upward  pressure  of  the  water. 


CHAPTER  V 


TYPES  OF  REINFORCEMENT 


This  chapter  is  inserted  with  the  intention  of  giving  the 
student  an  idea  of  the  different  types  of  reinforcement  that  he 
will  find  in  practice.  No  claim  is  made  that  all  the  t3T)es  or 
systems  are  included.  It  is  thought,  however,  that  those  shown 
are  representative  and  that  the  student  will  be  able  to  discern 
for  himself  any  advantages  or  disadvantages  which  may  be  found 
in  the  different  t3rpes. 

30.  Wire  Fabric. — This  material  is  used  to  a  considerable 
extent  in  floor  and  roof  slabs  and  has  been  found  to  possess  many 
valuable  qualities.  Wire  fabric  is  made  of  steel  wires  crossing 
generally  at  right  angles  and  secured  at  the  intersections.  The 
heavier  wires  run  lengthwise  and  are  called  carrying  wires;  the 
lighter  ones  cross  these  and  are  called  distributing  or  tie  wires. 
One  distinct  advantage  in  the  use  of  fabric  is  that  it  preserves 
uniform  spacing  of  the  steel. 

Wire  fabric  is  also  used  to  some  extent  ^  reinforcement  for 
wallS;  partitions,  and  conduits. 

The  steel-wire  gage  used  by  practically  all  the  steel-wire  manu- 
facturers of  the  United  States  under  various  names  is  given  in  the 
following  table: 

STEEL  WIRE  GAGE 


Diameter 
inches 


Steel-wire  I 
gage 


Diameter 
inches 


i        

H       

A   

i 

il        

I    1 
I   


0. 
0. 
0. 
0. 
0. 


.500 
.490 
.468 
.4eM) 
.437 
0.430 
0.406 
0.393 
0.376 
0.362 


Area  square 
inches 


0.19635 
0.18857 
0.17202 
0.16619 
0.14998 
0.14632 
0.12946 
0.12130 
0.11044 
0.10292 


Pounds 
per  foot 

0.6626 
0.6363 
0.6804 
0.6608 
0.6061 
0.4901 
0.4368 
0.4094 
0.3726 
0.3473 


Feet  per 
pound 

1.60 
1.61 
1.72 
1.78 
1.97 
2.04 
2.28 
2.44 
2.68 
2.87 
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STEEL  WIRE  GAGE— Continued 


Diameter 
inches 

ii 

Steel-wire 
gage 

Diameter 
inches 

0.343 
0.331 
0.312 
0.307 
0.283 
0.281 
0.263 
0.250 
0.244 
0.225 
0.218 
0.207 
0.192 
0.187 
0.177 
0.162 
0.156 
0.148 
0.135 
0.125 
0.120 
0.105 
0.093 
0.092 
0.080 
0.072 
0.063 

'  Area  square 
inches 

0.09240 

0.08604 

0.07645 

0.07402 

0.06290 

0.06210     1 

0.05432 

0.04908 

0.04675 

0.03976 

0.03732 

0.03365 

0.02895 

0.02746 

0.02460 

0.02061 

0.01911 

0.01720 

0.01431 

0.01227 

0.01130 

0.00865 

0.00679 

0.00664 

0.00502 

0.00407 

0.00311 

Pounds 
per  foot 

0.3117 
0.2904 
0.2579 
0.2497 
0.2123 
0.2092 
0.1834 
0  1656 
0.1578 
0.1342 
0.1259 
0.1135 
0.0977 
0.0926 
0.0830 
0.0696 
0.0644 
0.0580 
0.0483 
0.0414 
0.0382 
0.0292 
0.0229 
0.0224 
0.0169 
0.0137 
0.0105 

Feet  per 
pound 

3.20 

A 

i 

3.44 
3.87 

/« 

0 

1 

4.00 
4.71 

4.78 

i 

2 

5.45 
6.03 

3 
4 

6.33 
7.45 
7.94 

A 

5 
6 

8.81 
10.23 
10.79 

A 

7 
8 

12.04 
14.36 
15.52 

i 

9 
10 

17.24  ' 

20.70 

24.15 

11 
12 

26.17 
34.24 
43.66 

13 
14 
15 
16 

44.64 
59.17 
72.99 
95.23 

The  maimer  of  securing  the  intersections  of  wire  fabric  has 
given  rise  to  a  number  of  diflferent  types,  several  of  the  principal 
ones  of  which  are  given  below.  The  manufacturers  of  each  of 
these  forms  will  furnish  fabric  in  special  size  of  wire  and  mesh  if 
desired.  Much  of  that  which  follows  is  taken  directly  from 
catalogs. 

Welded  Wire  Fabric, — Welded  wire  fabric,  Fig.  119,  manufac- 
tured by  the  Clinton  Wire  Cloth  Co.,  is  a  wire  mesh  made  up  of 
a  series  of  parallel  longitudinal  wires,  spaced  a  certain  distance 
apart  and  held  at  intervals  by  means  of  transverse  wires,  arranged 
at  right  angles  to  the  longitudinal  ones,  and  welded  to  them  at  the 
points  of  intersection  by  a  patented  electrical  process.  Longitudi- 
nal wires  can  be  spaced  on  centers  of  2  or  more  inches,  in  steps  of 
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i  in.  Transverse  wires  can  be  spaced  on  centers  of  1  to  18  in. 
inclusive,  in  steps  of  1  in.  The  following  table  shows  the  sizes  and 
tensile  strength  of  the  wire  used.  Rolls  kept  in  stock  vary  in 
length  between  150  and  200  ft.  and  between  62  and  86  in.  in  width. 


Fig.  119.— Welded 
wire  fabric. 


FiQ.  120. — Triangle-mesh 
wire  fabric. 


WELDED  WIRE  FABRIC 


Siae 
per 
vteel 
wire 

No. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Diam. 
of  one 

wire 

in. 


Sectional 

area 
of  one 

wire 
sq.  in. 


I 


Weight 
per  lin- 
ear foot 
of  one 

wire 

lb. 


I 


0.3065 
0.2830 
0.2625 
0.2437 
0.2253 
0.2070 
0.1920 
0.1770 
0.1620 
0.1483 
0.1350 
0.1205 
0. 1055 


0.07378 
0.06290 
0.05411 
0.04664 
0.0398Q 
0.03365 
0.02895 
0.02460 
0.02061 
0.01727 
0.01431 
0.01140 
0.00874 


0.2506 
0.2136 
0.1838 
0.1584 
0.1354 
0.1143  j 
0.0983 
0.0835  ' 
0.0700  I 
0.0586  j 
0.0486 
0.0387  I 
0.0296 


Tensile 

strength 

of  one 

wire 

lb. 


4721 

4025 

3463 

2984 

2551 

2153 

1852 

1574 

1319 

1105 

915 

729 

559 


Tensile  strength  of  longitudinal 
wires  only,  in  1  ft.  of  the  width  of 
welded  fabric,  when  spaced  as  below: 


2-in.  '  3-in.  I  4-in.  '  5-in.  I  6-in. 

centers  centers  centers  centers  |  centers 

lb.   I   lb.     lb.   ,   lb.   '  lb. 

I ' I 

1  9442 

8050 

I  6926 

7161  '  5968 

6122  I  5102 

5167  4306 

4445  '  3704 

3777  I  3148 

3165  2638 

2652  '  2210 

2196  I  1830 

1749  1458 

1341  1118 


28.326 

24.150 

20.778 

17.904 

15.306 

12,918 

11.112 

9.444 

7.914 

6,630 

5.490 

4.374 

3.354 


18.884 
{  16.100 
13,852 
"l  1,936 
ll0,204 
I  8,612 

7.408 
I  6.296 
I  5.276 

4.420 
I  3,660 

2,916 
I  2.236 


14,163 
I  12,075 

10,389 
I  8.952 
I  7.653 
6.459 
I  5.556 
;  4,722 
!  3.957 
3.315 
]  2.745 
I  2.187 
,  1,677 


Trtangle-mesh  Wire  Fabric. — Triangle-mesh  steel-wire  fabric, 
manufactured  by  the  American  Steel  and  Wire  Co.,  is  made  with 
both  single  and  stranded  longitudinal  or  tension  members.  That 
with  the  single  wire  longitudinal  is  made  with  one  wire  varying 
in  size  from  a  No.  12  gage  up  to  and  including  a  ^-in.  diameter,  and 
that  with  the  stranded  longitudinal  is  composed  of  two  or  three 
wires  varying  from  No.  12  gage  up  to  and  including  No.  4  wires 
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stranded  or  twisted  together  with  a  long  lay.  These  longitudi- 
nals either  solid  or  stranded  are  invariably  spaced  4  in.  centers, 
the  sizes  being  varied  in  order  to  obtain  the  desired  cross  sectional 
area  of  steel  per  foot  of  width  (see  Fig.  120). 

The  transverse  or  diagonal  cross  wires  are  so  woven  between 
the  longitudinals  that  triangles  are  formed  by  their  arrangement. 
These  diagonal  cross  or  transverse  wires  are  woven  either  2  or  4 
in.  apart,  as  is  desired.  Triangle-mesh  wire  reinforcement  is 
made  in  lengths  of  150  to  600  ft.  and  in  widths  from  18  to  58  in. 
The  table  following  shows  the  number  and  gage  of  wires  and  the 
areas  per  foot  width  when  the  longitudinals  and  cross-wires  are 
spaced  4  in.  on  centers. 

TRIANGLE-MESH  WIRE  FABRIC 


Style 
number 


4 
5 
6 
7 
23 

24 
26 
26 
27 
28 

29 
31 
32 
33 
34 

35 
36 
38 
39 
40 

41 
42 
43 


'  Gage  of 
longitudi- 
nal wires  ' 


6 

8 

10 

12 


i-in.l 


Gage  of 
icrosa-wires' 


14 
14 
14 
14 
12i 


4  12i 

5  I   12i 

6  12i 
8  12i 

10  12i 


{Sectional  area 

I  in  sq.  in.  of 

longitudinal 

wires  per 

foot  width 

0.087 
0.062 
0.043 
0.026 
0.147 

0.119 
0.101 
0.087 
0.062 
0.043 


I 
Sectional  area' 

in  sq.  in.  of  I 


Cro6s-6ec- 
tionalarea 
cross-wires   I  in  sq.  in.  per 
per  ft.  width  i   foot  width 


0.025 
0.025 
0.025 
0.025 
0.038 

0.038 
0.038 
0.038 
0.038 
0.038 


12 
4 
5 
6 
8 

10 
12 

4 
5 
6 

8 
10 
12 


12i 
12i 
12i 
12i 
12i 

12i 
12i 
12i 
12i 
12i 

12i 
12i 
12i 


0.026 

0.038 

0.238 

0.038 

0.202 

0.038 

0.174 

0.038 

0.124 

0.038 

0.086 
0.052 
0.358 
0.303 
0.260 

0.185 
0.129 
0.078 


0.038 
0.038 
0.038 
0.038 
0.038 

0.038 
0.038 
0.038 


0.102 
0.077 
0.058 
0.041 
0.170 

0.142 
0.124 
0.110 
0.085 
0.066 

0.049 
0.261 
0.225 
0.196 
0.146 

0.109 
0.075 
0.380 
0.325 
0.283 

0.208 
0.151 
0.101 
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Tie-locked  Wire  Fabric, — Tie-locked  fabric,  Fig.  121,  is  manu- 
factured by  the  Cargill  Manufacturing  Co.,  in  stock  lengths 
from  50  to  200  ft.  and  stock  widths  of  4,  5,  and  6  ft.  This  fabric 
is  used  in  combination  with  steel  cable  distributing  members. 


Method  of  /dt\ 

/spneing        i (VIP\  I 


Detail  of  Lock 
Fig.  121.— Tie-locked  fabric. 


In  the  construction  after  the  centering  or  falsework  is  in  place, 
the  cables  are  anchored  to  a  wall  or  beam  (see  Fig.  122)  and  extend 
to  the  opposite  end  of  the  building.  They  are  spaced  according 
to  the  size  of  spans  and  the  desired  carrying  capacity  of  the 
slabs.  After  drawing  the  cables  reasonably  tight,  they  are  then 
secured  to  other  anchors  provided  for  that  purpose  and  the  wire 


wir«  -fabric 


;i:.ir  ■>-.;•. -jgi  J 


g^r^:::.?m. . 

\wa\\  f_^."   steel   wire  cad^ 

^Chor 


Fio.  122. — The  International  system. 


fabric  is  placed  directly  upon  the  cables.  The  anchors  are 
provided  for  the  sole  purpose  of  holding  the  materials  to  their 
exact  position  while  the  concrete  is  being  placed,  and  upon  the 
completion  of  the  construction  the  anchors  have  no  further 
duty  to  perform. 

The  following  table  shows  the  stock  styles  of  tie-locked  wire 
fabric.  The  standard  cables  used  are  composed  of  7  strands 
No.  9  gage  steel  wire  and  4  strands  No.  7  gage. 
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TIE-LOCKED  WIRE  FABRIC 


Style 


Gage  of 

longitudinal 

wire 


Gage  of 
cross-wire 


Mesh  in 
inches 


A-1 9 

A-2 9 

A-3 ;  9 

B-1 '  7 

B-2 i  7 

B-3 7 

C-1 9 

.C-2 9 

C-3 9 


11 
11 
11 

9 
9 
9 

11 
11 
11 


6X6 
6X6 
4X6 

6X6 
6X6 
4X6 

6X12 
6X12 
4X12 


Lock-woven  Wire  Fabric. — Lock-woven  wire  fabric,  Fig.  123, 

is  made  by  W.  N.  Wight  &  Co.     It  is 

r^g)  <Qn>>  fij^  similar  to  the  welded  wire  fabric,  ex- 

cept that  instead  of  electric  welding 
the  intersections  are  bound  together 
by  winding  them  with  soft  wire. 

This  fabric  is  made  from  56  to  88 
in.  wide  and  is  put  up  in  rolls  of  from 
330  to  500  lin.  ft.  The  wire  used  is 
of  high  carbon  steel.  The  longitudi- 
nal wires  are  usually  spaced  4  in.  on 
centers  and  the  transverse  wires  5  in. 

The  table  which  follows  gives  the  different  styles  in  stock. 


Lock-Wbven   Wire  Fabric 

Fig.  123. — ^Lock- woven  wire 
fabric. 


LOCK- WOVEN  WIRE  FABRIC 


Style 


A. 
B. 
C. 
D. 
E. 


Gage  of 

longitudinal 

wires. 

Gage  of 
cross-wires 

Mesh 
in  inches 

10 

9 

4X6 

8 

10 

4X6 

6 

10 

4X6 

4 

10 

4X6 

3 

10 

4X6 
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Staple-locked  Wire  Fabric. — ^A  rectangular-mesh  staple-locked 
fabric  (Fig.  124)  is  manufactured  by  the  American  System  of 
Reinforcing.    The  wire  used  is  of  high  carbon  steel  and  is  secured 


FiQ,  124. — Staple-locked  wire  fabric. 

at  the  intersections  by  No.  14  wire.  Standard  sizes  are  shown  in 
the  following  table.  The  fabric  comes  in  standard  widths  of 
3,  4,  and  6  ft.,  200  lin.  ft.  in  a  roll. 


STAPLE-LOCKED  WIRE  FABRIC 


Gage  of  bngitudinal 

Gage  of 

Mesh  in 

wires 

1       cross-wires 

inches 

0 

-- 

4X12 

9 

4X6 

9 

*'■ 

6X6 

7 

4X12 

7 

11 

4X6 

7 

t 

6X6 

31.  Expanded  Metal. — Expanded  metal  invented  by  Mr. 
John.  T.  Golding  is  one  of  the  oldest  forms  of  sheet  reinforcement 
(Fig.  125).     Sheet  steel  is  slit  in  a  special  machine  and  then  pulled 


125. — Expanded  metal. 


out  or  expanded  so  as  to  form  a  diamond  mesh.  The  standard 
sizes  and  gages  as  adopted  by  the  Associated  Expanded  Metal 
Companies  are  shown  in  the  following  table: 
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EXPANDED  METAL 


DemgnatioQ 


Mesh       Gage 
inches       No.    | 


Strand 
standard 
or  extra 


j  Section  in 

sq.  in.  per 

i  foot  width 


Weight 

per  sq. 

ft.  in 

pounds  j 


Sise  of  stand- 
ard sheets, 
feet 


No.  of      No.  of  sq. 

sheets    ,  ft.  in  bun- 

in  a  bun- 1  die  of  8  ft. 

die       I     length 


I 


18  Standard. 

13  Standard 

12  ;  Standard 

12  Standard  . 

16  Standard 

10       Light 

10  Standard  . 

10       Heavy 

10  Ex.  heavy 

6  j  Standard  , 

6     I  Heavy 

16  I  Old  style  . 

4  I  Standard  . 

4  Heavy. . . . 


0.209 
0.226 
0.207 
0.168 
0.083 

0.148 
0.178 
0.267 
0.356 
0.400 

0.600 
0.093 
0.245 
0.368 


0.74 
0.80 
0.70 
0.56 
0.28 

0.50 
0.60 
0.90 
1.20 
1.38 


4or5X     8 
6   X8or  12 

4  X8orl2 

5  X8orl2 

6  X8  or  12 


X8orl2 
X8or  12 
X8  or  12 
X8  or  12 
X8or  12 


2.07 

5   X8orl2     ; 

3 

120 

0.42 

4|X8orl2     ; 

6 

216 

0.84 

5   X8  or  12 

5 

200 

1.26 

5  X8orl2 

3 

120 

5 
5 
5 
5 
10 

5 
5 
5 


240 
160 
200 
480 

240 
240 
160 
144 
120 


32.  Rib  Metal. — Rib  metal  is  manufactured  by  the  Trussed 
Concrete  Steel  Co.,  and  consists  of  nine  longitudinal  ribs  rigidly 
connected  by  light  cross  members.     It  is  made  from  a  sheet  of 


Clip  •for  "' 
jS      splicing  sheeta 


Fig.  126.— Rib  metal. 


metal,  flat  on  one  side  and  corrugated  on  the  other.  Strips  of 
the  metal  adjacent  to  the  ribs  are  stamped  out,  and  the  sheet  is 
drawn  out  into  square  meshes  (Fig.  126).  The  standard  sheets 
are  manufactured  with  meshes  of  from  2  to  8  in.  and  in  lengths 
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12,  14,  and  16  ft.    The  properties  of  rib  metal  are  given  in  the 
table  which  follows. 


RIB  METAL 

Size 
No. 

Width  of 

standard 

sheet 

inches 

Sq.  ft.  per 

linear  foot 

of  standard 

sheet 

Area 
per  ft. 
width 
sq.  in. 

Ult.  tensile 
strength 
per  foot 
of  width 

Safe  tensile 

strength  per 

foot  of  width 

pounds 

2 
3 
4 

16 
24 
32 

1.33        1 
2.00 
2.67        ; 

0.54       1 
0.36      1 
0.27       , 

38,880 
25,920 
19,440 

9,720 
6,480 
4,860 

5 
6 

7 
8 

40 
48 
56 
64 

3.33 

4.00        1 
4.67 
6.33 

1 
0.216 
0.18 
0.154 
0.135 

15,552 

12,960 

11,088 

9,720 

3,888 
3,240 
2,772 
2,430 

Area  of  one  rib  =0.09  sq.  in. 
Ultimate  tensile  strength  =6480  lb. 
Safe  tensile  strength  =1620  lb. 

33.  Reinforcing  Systems. — Following  are  a  number  of  rein- 
forcing systems  in  common  use: 

Hennehique  System. — One  of  the  pioneers  in  concrete  construc- 
tion in  Europe  is  Mr.  Hennebique,  in  France,  and  the  system 
which  still  bears  his  name  is  shown  in  Fig.  127. 


FiQ.  127. — Hennebique  system. 

Columbian  System, — The  Columbian  system  as  applied  to  the 
monolithic  beam-and-girder  type  of  construction  is  shown  in 
Fig.  128. 
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Kahn  TruBsed-bar  System.— The  Kahn  Trussed  Bar,  Fig.  129, 
named  for  its  inventor,  is  rolled  with  flanges,  which^are  bent  up 
to  resist  the  shear  in  the  beam.     For  continuous  beams,  inverted 


I 


Cross-Section 
of  Bar 


FiQ.  128. — Columbian  system. 

\\\\\\  ////// 


4 


«»^ 


Fig.  129. — Kahn  trussed  bars. 

bars  are  placed  over  the  supports  in  the  upper  part  of  the  beam, 
extending  over  the  region  of  tension.  Properties  of  Kahn  trussed 
bars  are  shown  in  the  following  table: 

KAHN  TRUSSED  BARS 


Size  in  inches 


Length  of  diagonals 
Weight  in                                          j^  j^^hes 
pounds  per  j       Area      i 

foot  I 

I  Standard  Special 


SQUARE   SECTION  BARS 


iXli  I  1.4  0.41  6  8,12 

iX2A         i  2.7  0.79  12  8,18,24,30 
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NEW  SECTION  BARS 


UX21 
UX2i 
2  X3i 


4.8 

6.8 

10.2 


1.41 
2.00 
3.00 


24,30 
30 
30 


12/ 18,  36 
18,  24,  36 
24,  36,  48 


Note, — 8,  12,  18,  24,  30,  36,  and  48-in.  diagonals  are  sheared  alternately. 
6-in.  diagonals  only  are  sheared  opposite. 

Cummings  System. — The  Cummings  System  is  shown  in  Fig. 
130.  U-shaped  stirrups  are  used  on  the  girder  fiame  shown. 
They  are  shipped  flat  with  the  longitudinal  reinforcement,  but 
are  bent  up  to  an  inclined  position  on  the  work.     The  rods  are 


Fio.  130. — Cummings  system. 


held  together  by  means  of  a  patented  chair.  In  the  Cummings 
hooped  column,  each  hoop  is  securely  attached  to  the  upright 
rods.  The  hoops  are  made  of  flat  steel,  bent  to  a  circle,  with  the 
ends  riveted  or  welded  together  in  such  a  manner  that  the  ends 
of  the  hoops  protrude  at  right  angles  to  keep  them  the  proper 
distance  from  the  mold. 

Unit  System. — Fig.  131  shows  the  Unit  System  of  Reinforcing. 
The  girder  frames  are  not  stock  frames  but  are  built  to  meet  the 
engineer's  or  architect's  plans.     Unit  girder  frames  are  provided 
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Overlapping  rods  to 


secure  continuity 


Fig.  131. — Unit  system. 


Fig.  132. — Pin-connected  system. 


^•Metal  fabric 
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Section  A"A 
Fig.  133. — Merrick  floor  system. 


Fig.  134. 
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with  overlapping  rods  for  continuous  beams  to  reinforce  against 
negative  moment. 

Mushroom  System, — See  Figs.  67  and  68. 

Pin-connected  System, — Reinforcement  in  the  Pin-connected 
System  consists  of  bars  made  into  a  truss  and  ready  for  placing 
in  the  forms.     (See  Fig.  132.) 
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Pig.  135. — Corr-tile   floor  applied  to  wide  girder  system  of  reinforced- 

concrete  framing. 

Merrick  Floor  System^The  Merrick  System  is  designed  to 
lighten  the  weight  of  the  concrete  slab  by  using  a  hollow  floor 
construction,  as  shown  in  Fig.  133.  Directly  upon  the  forms 
a  2-in.  layer  of  concrete  is  placed,  and  before  this  has  set,  oblong 


Fig.  136. — ^Luten  truss. 


boxes  of  metal  fabric  of  small  mesh  are  laid  horizontally,  with  the 
reinforcing  rods  in  the  spaces  between  them.  The  concrete  is 
filled  in  between  the  boxes  and  around  the  reinforcing  rods,  and 
then  poured  over  the  top  to  form  the  floor. 

Corr-tile  System. — Corr-tile  Two-way  Floor  Construction  is 
shown  in  Figs.  134  and  135.     Fig.  134  shows  the  Corr-tile  used  in 


176      REINFORCED  CONCRETE  CONSTRUCTION 


connection  with  steel  frame  construction,  and  Fig.  135  shows  it 
applied  to  a  wide  girder  system  of  reinforced-concrete  framing. 
In  Corr-tile  construction  the  standard  arrangement  of  tile  known 
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Fig.  137. — Xpantruss  system. 
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138. — Akme  system. 


as  System  A,  consists  of  flanged  tile,  block  tile,  and  channel  tile, 
in  alternate  rows.  Small  squares  of  tile  are  employed  to  fill  the 
voids  at  the  intersections  of  ribs  and  provide  an  unbroken  tile 
ceiling  surface.     Except  for  the  flanges,  the  block  tile  are  similar 
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in  shape  and  section  to  the  standard  floor  and  partition  tile  in 
common  use.  The  flanges  occurring  on  two  sides,  as  indicated 
in  Fig.  134  are  Ij'in.  in  width,  and  serve  to  properly  space  the 
tile  in  one  direction  and  to  effectively  fire-proof  the  concrete  ribs 
formed  above  them.  Flanged  block  tile  are  manufactured  in 
4,  6,  8,  9,  10,  and  12-in.  depths,  and  are  sufficiently  scored  on  all 
exterior  surfaces  to  insure  thorough  bond  with  concrete  or  plaster. 


Courtety  of  Universal  Portland  Cement  Co. 

Fig.  139.— 'Reinforced-concrete  Automobile  Bldg.,  Studebaker  Auto- 
mobile Co.,  Chicago,  111.     Akme  system  of  floor  construction. 

Tile  of  5-in.  and  7-in.  depth  can  be  obtained  on  special  demand. 
Channel  tile  are  obtainable  in  various  depths,  corresponding  to 
the  several  depths  of  block  tile.  A  uniform  width  of  3  in.  between 
sides  is  observed  in  all  sizes  of  channels. 

LiUen  Truss. — The  Luten  truss  is  shown  in  Fig.  136.  The  bars 
are  rigidly  locked  together  to  form  the  truss  by  a  clamp,  with  a 
wedge  that  is  self -locking  when  driven  home.  The  truss  is  espe- 
cially adapted  to  highway  culverts  and  bridges  and  is  put  out  by 
the  National  Concrete  Company. 

XpantriLS  System. — The  truss  by  this,  name  is  shown  in  Fig. 
137  and  is  applicable  chiefly  to  beams,  girders,  and  heavy  slabs. 

12 
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This  system  is  patented  by  The  Consolidated  Expanded  Metal 
Companies. 

Akme  System. — ^This  system  (Figs.  138  and  139)  is  a  form  of 
girderless  floor  construction.  In  this  system  of  construction  all 
the  stresses,  due  to  the  weight  of  the  structuie  and  the  loads  to  be 
carried,  are  determined  by  the  usual  methods  of  calculation,  as 


End  View 
Fig.  140. — Johnson  system. 

the  reinforcement  is  placed  in  two  directions  only.     The  Akme 
System  is  controlled  by  the  Condron  Company  of  Chicago. 

Johnson  System, — The  Johnson  System  Floor  is  constructed 
chiefly  of  terra-cotta  hollow-tile  blocks,  as  shown  in  Fig.  140. 
The  steel  reinforcement  is  in  the  form  of  steel  wire  mesh,  em- 
bedded in  a  course  of  concrete  under  the  tile. 

Problem 


8.  Design  an  interior  floor  bay  to  support  a  live  load  of  200  lb.  per  square 
foot  with  the  columns  spaced  16  ft.  by  16  ft.  on  centers  and  with  one 
intermediate  beam  equally  spaced.  Make  the  same  assumptions  and 
use  the  same  working  stresses  as  are  employed  in  the  two-intermediate- 
beam  design  of  Art.  17. 


CHAPTER  VI 
ROOFS 

Reinforced  concrete  roofs  are  designed  in  the  same  manner  as 
floors  and  the  complete  design  of  a  roof  bay  in  Art.  38  will  give  all 
that  is  necessary  on  the  subject  of  general  design.  Fig.  141  is  a 
construction  view  of  a  one-way  hollow-tile  roof. 

34.  Concrete  Roof  Surfaces. — Although  concrete  roofs  have 
been  designed  to  be  impervious  without  a  covering  of  any  other 


CourU9y  of  Ferro-conertU  Conttruction  Co. 

Fig.  141. — Construction  view  of  hollow-tile  roof,  Heekin  Building, 
Cincinnati,  Ohio. 

material,  it  seems  to  be  the  general  opinion  that  it  is  difficult  to 
secure  absolute  imperviousness  in  this  type  of  roof  because  of  the 
likelihood  of  shrinkage  cracks.  Some  engineers,  however,  believe 
that  the  cracks  may  be  kept  so  minute,  by  properly  reinforcing 
against  all  the  tensile  stresses  due  to  expansion  and  contraction, 
that  the  roof  will  stay  waterproof.     In  fact,  during  the  past  few 

13  179 


180      REINFORCED  CONCRETE  CONSTRUCTION 

years  some  large  buildings  have  been  erected  on  this  theory,  and 
so  far  have  shown  no  signs  of  leakage;  but  it  is  conservative  to 
say  that  a  longer  test  is  needed  to  give  conclusive  results.  There 
is  no  doubt,  however,  that  a  concrete  roof  without  a  special  cover- 
ing of  any  sort  is  at  least  well  adapted  to  all  structures  where 
absolute  imperviousness  is  not  essential,  as  in  train  sheds,  reser- 
voir roofs,  and  in  oui  of  door  structures  in  general. 

Shrinkage  joints  are  sometimes  introduced  in  concrete  roof 
slabs.  These  joints  aie  made  water-tight  by  the  introduction  of 
a  trough-shaped  strip  of  copper  or  lead  which  will  take  contrac- 
tion and  expansion.  If  a  suflBcient  number  of  joints  of  this  nature 
are  made,  shrinkage  cracks  will  undoubtedly  be  reduced  to  a 
minimum.  To  make  shrinkage  joints  the  slab  must  be  poured 
separately  from  the  beams  and  girders,  and  no  bond  should  be 
allowed  between  the  slab  and  the  roof  framing.  If  steel  beams  are 
used,  there  h  no  danger,  but  in  all-concrete  construction,  galvan- 
ized strips,  well  oiled,  or  some  equivalent,  should  be  introduced. 

A  maximum  amount  of  reinforcement  against  shrinkage  cracks 
will  be  of  little  avail  in  a  concrete  roof  unless  the  concrete  itself 
is  impervious.  Methods  of  waterproofing  concrete  may  be 
roughly  classified  as  follows :  (1)  Use  of  a  rich-concrete  mixture; 
(2)  use  of  waterproof  coatings  or  washes;  (3)  admixture  of 
substances  designed  to  produce  impermeability.  It  is  often 
advisable  to  combine  two  or  more  of  these  methods. 

A  roof  slab  without  protective  covering  should  preferably  be 
of  a  rich  mix  of  concrete  of  such  proportions  of  sand  and  stone  as 
to  produce  maximum  density.  The  method  of  obtaining  maxi- 
mum density  outlined  in  Art  8,  Volume  I,  may  be  employed  to 
secure  impermeability,  if  the  work  is  of  considerable  magnitude. 
For  maximum  water-tightness,  however,  a  mortar  or  concrete 
may  require  a  slightly  larger  proportion  of  fine  grains  in  the  sand 
than  for  maximum  density  or  strength,  but  otherwise  the  general 
principles  discussed  in  the  article  on  proportioning  by  mechanical 
analysis  are  applicable.  Proportions  1:2:4  will  generally  give 
satisfaction  if  the  aggregates  are  well  graded.  Gravel  is  prefer- 
able to  broken  stone  in  making  water-tight  concrete 

Experiments  show  that  permeability  of  concrete  decreases  with 
time  and  that  ordinary  wet  mixtures  are  much  less  permeable 
than  dry  mixtures.  It  has  also  been  found  that  the  light  joggling 
which  is  necessary  to  compact  a  wet  concrete,  greatly  increases 
its  impermeability.    Cracks  must  be  prevented,  and  if  the  entire 
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roof  slab  cannot  be  laid  in  one  continuous  operation,  an  effective 
bond  should  be  made  between  successive  days'  work. 

Plastering  a  concrete  roof  surface  with  a  layer  of  rich  mortar  has 
been  found  effective  when  care  has  been  taken  to  place  the  same 
before  the  concrete  has  taken  its  final  set.  If  such  care  is  not 
exercised,  variation  in  temperature  and  moisture  between  the 
concrete  and  plaster  will  be  almost  certain  to  cause  a  separation. 
Troweling  concrete  to  a  dense,  hard  surface,  in  the  same  manner 
that  granolithic  work  is  troweled,  makes  concrete  impervious 
and  nearly  equal  to  a  surfacing  of  rich  mortar. 

The  methods  employed  to  waterproof  concrete  by  using  washes 
or  by  introducmg  foreign  ingredients  into  the  mixture  will  be 
considered  in  Chapter  XXIII.  The  general  remarks  made  there 
will  apply  to  roofs  as  well  as  to  other  tjrpes  of  structures. 

A  hard  wearing  surface  is  sometimes  required  in  roof  con- 
struction— for  example,  when  it  forms  the  floor  of  a  roof  garden. 
The  roof  surface  in  such  a  case  should  have  a  granolithic  finish 
the  same  as  in  floors,  and  a  form  of  bitumen  emulsion  mixed  with 
cement  mortar  may  be  used  in  making  the  surface  impervious. 

It  is  not  good  practice  to  use  a  concrete  roof  without  covering 
on  steep  slopes,  as  the  slabs  must  then  either  be  laid  quite  dry 
(which  does  not  favor  imperviousness)  or  else  top  forms  must  be 
used  to  retain  the  concrete.  The  latter  method  is  slow  and 
expensive. 

36.  Separate  Roof  Coverings. — The  felt-  and  gravel-roof  is  the 
most  common  and  eflScient  form  of  roof  covering.  The  covering 
is  composed  of  layers  of  waterproof  felt,  cemented  together  and 
to  the  concrete  by  coal-tar  pitch  or  asphalt.  The  method  fol- 
lowed is  to  lay  from  four  to  eight  thicknesses  of  felt  over  the  roof 
surface,  each  ply  being  cemented  to  the  preceding  layer,  and  the 
entire  surface  then  floated  with  a  heavy,  flowing  coat  of  pitch  or 
asphalt,  in  which  (whileh  ot)  clean,  dry,  uniformly  screened 
gravel  or  slag  is  embedded,  sufficient  in  quantity  to  cover  the  sur- 
face thoroughly. 

Asphalt  has  in  the  past  been  preferred  to  coal-tar  pitch  as  a 
binding  medium,  but  at  the  present  time  coal-tar  products  appear 
to  be  satisfactory  when  made  to  contain  a  large  percentage  of 
carbon,  and  are  being  used  by  many  in  preference  to  asphalt. 
Asphalt,  however,  seems  to  be  much  superior  to  coal-tar  pitch 
in  ready  roofings. 

The  following  specification  for  a  five-ply  tar  and  gravel  or  slag 
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roof  has  been  taken  from  the  Proceedings  of  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association,  1910,  and 
is  essentially  the  Barrett  Company's  specification. 

**  There  shall  be  used  five  (5)  thicknesses  of  saturated  felt  weighing  not 
less  than  fourteen  (14)  lb.  per  one  hundred  (100)  sq.  ft.,  single  thick- 
ness; not  less  than  two  hundred  (200)  lb.  of  pitch;  and  not  less  than 
four  hundred  (400)  lb,  of  gravel  or  three  hundred  (300)  lb.  of  slag  from 
i-  to  l-in.  size,  free  from  dirt,  per  one  hundred  (100)  sq.  ft.  of  completed 
roof. 

"The  material  shall  be  applied  as  follows:  First,  coat  the  concrete 
I  with  hot  pitch  mopped  on  uniformly.  Second,  lay  two  (2)  full  thick- 
nesses of  tarred  felt,  lapping  each  sheet  seventeen  (17)  in.  over  the  pre- 
ceding one,  and  mop  with  hot  pitch  the  full  width  of  the  seventeen  (17)- 
in.  lap,  so  that  in  no  case  shall  felt  touch  felt.  Third,  coat  the  entire 
surface  with  hot  pitch,  mopped  on  uniformly.  Fourth,  lay  three  (3) 
full  thicknesses  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the 
preceding  one,  mopping  with  hot  pitch  the  full  width  of  the  twenty- 
two  (22)  in.  lap  between  the  plies,  so  that  in  no  case  shall  felt  touch 
felt.  Fifth,  spread  over  the  entire  surface  of  the  roof  a  uniform  coat 
of  pitch,  into  which,  while  hot,  imbed  the  gravel  or  slag.  The  gravel  or 
slag  in  all  cases  must  be  dry." 

The  coal-tar  pitch  or  asphalt  is  the  life  of  the  roof,  particularly 
in  the  topcoating.  The  gravel  or  slag  should  be  applied  liberally, 
in  order  to  completely  bury  the  coat  of  waterproof  material  and 
protect  it  from  injury  due  to  walking  on  the  roof,  and  from  the 
action  of  the  sun.  In  the  following  statements  asphalt  only  will 
be  mentioned,  but  it  must  be  understood  that  the  same  statements 
will  apply  to  coal-tar  pitch. 

In  waterproofing,  the  object  of  using  saturated  felt  is  merely  to 
provide  a  medium  to  hold  the  asphalt  together,  and  thus  allow  for 
expansions,  contractions  and  settlings.  The  greatest  care  and 
judgment  must  be  exercised  in  laying  felt  to  see  that  it  is  properly 
stretched,  laid  smoothly,  and  that  no  wrinkles  appear.  All  of  the 
roofing  felts  on  the  market  are  made  of  wool  or  flax,  saturated 
with  a  preserving  material  that  will  harmonize  with  the  asphalt. 
Saturated  wool  roofing  felts  are  compact,  and  although  they  ab- 
sorb little  of  the  asphalt,  they  hold  it  in  repeated  layers  to  consti- 
tute the  body  material  of  the  roof.  The  flax  felt  is  porous  and  of 
strong  texture,  and  absorbs  the  asphalt,  holding  it  within  its 
fibers.  Unsaturated  burlap  or  canvas  can  be  made  to  hold  asphalt 
if  first  run  through  a  bath  of  liquid  asphalt  or  tar. 

The  greater  the  amount  of  felt  and  asphalt  used,  the  greater 
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the  life  of  the  roof.  However,  if  too  much  asphalt  is  used  on  top, 
it  will  run;  hence  the  flatter  the  roof,  the  greater  the  life.  No 
roof  should  have  less  than  100  lb.  of  asphalt  per  100  sq.   ft. 

What  is  known  as  a  felt  and  gravel  roof  should  not  be  used  in 
cold  climates,  on  a  surface  of  greater  pitch  than  aboiit  3  in. 
to  the  foot.  In  hot  climates  1  in.  to  the  foot  is  about  the  proper 
maximum.  Where  the  roof  is  of  greater  pitch,  the  gutters  may 
be  put  in  with  galvanized  iron,  copper,  tin  or  plies  of  felt  and 
asphalt,  and  the  steeply  pitched  surface  covered  with  clay  tile 
or  slate  shingles  with  lap  joints.  Vitrified  clay  tile  are  made  in  a 
great  variety  of  forms,  flat,  ribbed,  and  corrugated;  but  those  of 
some  interlocking  pattern  are  best.  Nailing  strips  (1  in.X2  in.) 
should  be  inserted  in  the  concrete  under  each  row  of  tile  or  slate, 
but  it  is  important  that  they  should  be  so  placed  as  not  to  affect 
the  strength  of  the  roof  slab.  Slate  or  tile  should  not  be  used 
on  a  surface  with  a  pitch  of  less  than  6  in.  to  the  foot. 

A  most  durable  roof  covering  for  flat  surfaces  (slope  not  exceed- 
ing i  in.  to  the  foot)  is  vitrified  roofing  tile  embedded  in  asphalt. 
The  tile  consists  of  flat  rectangular  terra-cotta  tile  about  1  in. 
to  li  in.  thick,  bedded  in  hot  asphalt,  on  top  of  four  to  six  thick- 
nesses of  felt  of  the  kind  mentioned  above.  The  joints  between 
the  tiles  should  be  filled  with  asphalt.  Slate  tiles  also  make  a 
good  wearing  surface.  They  are  usually  f  in.  to  1  in.  thick,  by 
12X12  in.  in  area. 

Tin,  corrugated  iron,  and  copper  roofings  are  sometimes  placed 
on  reinforced-concrete  buildings.  These  roofings  do  no  have 
a  long  life  if  laid  directly  on  the  concrete,  but  seem  to  give  satis- 
faction when  a  wooden  sheathing  is  used  as  a  separator.  Copper 
is  expensive  as  compared  with  other  types  of  roofing  and  is  usu- 
ally employed  only  on  very  costly  buildings. 

There  are  many  roofings  on  the  market  which  come  ready  to 
lay,  made  on  the  principle  of  the  built-up  roof.  These  roofings 
are  especially  valuable  for  use  in  small  and  isolated  buildings,  as 
they  do  not  require  the  expert  help  which  is  necessary  for  a  built- 
up  roof.  In  a  preparation  which  comes  rolled,  however,  it  is 
impossible  to  obtain  a  great  deal  of  waterproof  material,  and  there 
is  an  additional  weakness  in  some  coverings  of  this  type  due  to 
the  fact  that  the  waterproofing  sheets  are  nailed  together  with 
a  short  exposed  lap.  Expansion  and  contraction  of  the  body 
material  in  the  course  of  time  opens  holes  alongside  the  nails  and 
permits  water  to  enter.     In  spite  of  adverse  criticism,  however, 
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there  axe  many  ready  roofings  which  seem  to  give  satisfaction 
and  are  used  frequently  on  pitched  surfaces,  and  to  some  ext^it 
on  flat  slopes. 

A  niunber  of  types  of  metal  and  composition  shingles  are  on  the 
market.  Reinf orced-concrete  slabs  from  5  to  6  ft.  long  have  been 
used  for  this  purpose. 

36.  Drainage. — Felt  and  gravel  roofs  should  have  a  pitch  of  at 
least  t  in.  to  1  ft.  in  order  to  provide  proper  drainage.  Flat 
tile,  however,  may  be  employed  on  surfaces  with  a  very  slight 
pitch — preferably  not  over  i  in.  per  foot. 

Gussets  in  flat  roofs  are  generally  formed  by  placing  a  well- 
tamped  cinder  filling  over  the  concrete  slab  and  then  laying  a 
1-  to  2-in.  surface  of  cinder  or  stone  concrete.    This  type  of  roof 
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Fig.  142. — Suspended  ceiling  construction. 

generally  permits  the  use  of  the  floor  forms  without  much  change 
and  there  is  the  advantage  of  having  all  the  colunm  heights  of  the 
top  story  the  same.  Stone-concrete  surfacing  seems  to  be  the 
most  satisfactory  but  a  cinder  mixture  is  sometimes  specified. 

If  a  flat  ceiling  is  not  required,  or  if  it  is  the  intention  to  employ 
a  suspended  ceiling  (Fig.  142),  the  roof  beams  and  roof  girders 
may  be  so  inclined  as  to  give  the  required  roof  pitch.  This 
method  is  advantageous  when  cold  weather  is  likely  to  overtake 
the  work  before  it  can  be  closed  in,  for,  with  the  use  of  cinders 
as  a  filling,  there  is  delay  in  placing  the  final  roof  surface. 

Where  concrete  walls  project  above  the  roof  proper,  grooves  or 
reglets  about  1  in.  by  \\  in.  must  be  left  in  the  concrete  wall  in 
which  to  insert  the  edge  of  the  flashing  (see  Fig.  143).  To  make 
a  reglet,  a  strip  of  wood  is  nailed  to  the  forms  and  the  strip  is 
taken  out  when  the  forms  are  removed.  The  flashing  is  keyed 
with  the  reglet,  as  shown,  and  cemented  up  with  a  rich  cement — 
sometimes  rubber  cement. 
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When  metal  standing  flashing  is  specified  on  felt  roofs,  it  is 
necessary  to  nail  through  the  metal  and  felt  into  wooden  strips 
embedded  in  the  concrete  slab  in  order  to  hold  the  flashing  in 
place  (see  Fig.  143).  Since  expansion  and  contraction  will  soon 
loosen  the  nails,  the  nails  and  the  flange  of  the  flashing  should  be 
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covered  with  a  felt  strip  prior  to  coating  the  roof  with  the  top 
coat  of  asphalt  and  gravel.  A  reinforcement  of  flax  felt,  mopped 
on  solidly,  appears  to  be  as  satisfactory  as  metal  flashing  in  every 
way  (see  Fig.  144).  All  such  felt  flashings  should  be  turned  up  at 
the  parapet  walls  and  curbs  at  least  4  in.  at  the  highest  points  of 
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the  roof,  and  not  less  than  12  in.  high  as  the  outlets  are  ap- 
proached, in  order  to  avoid  overflows  should  the  outlets  become 
clogged. 

Fig.  143  shows  the  method  employed  in  applying  a  galvanized 
iron  flashing  for  a  felt  and  gravel  roof  on  a  large  reinforced-con- 
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Crete  warehouse.  The  reglet  was  made  to  taper  slightly — that  is, 
wider  at  the  outside — in  order  to  permit  the  easy  withdrawal  of 
the  wood  strip  that  was  nailed  to  the  forms.  The  groove  was 
made  10  in.  above  the  roof  line.  When  the  concrete  was  being 
poured  for  the  roof  floor,  a  heavy  strip  of  wood  was  laid  with  its 


Fig.  146. 


CorrypQSrfian 


Fig.  147. 


upper  surface  flush  with  the  top  surface  of  the  concrete,  and  6  in. 
from,  and  parallel  with,  the  parapet  wall.  This  strip  was 
employed  to  nail  the  edge  of  the  flashing  to  the  roof  after  the  roof 
had  been   covered  with   felt  and  asphalt.     The  nails  and  the 
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flange  of  the  flashing  were  covered  with  a  felt  strip  prior  to  coat- 
ing the  roof  with  the  top  coat  of  asphalt  and  gravel. 

The  flashing  was  secured  in  the  reglets  by  band-iron  clips,  as 
shown.  These  bands  (2  in.  long)  were  bent  midway  to  an  angle  of 
about  30°.     After  insertion  they  were  struck  with  the  hammer 
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on  the  bend,  which  straightened  them  out  and  jammed  them  in 
place,  thereby  holding  the  flashing.  The  reglet  was  pointed  up 
with  a  rich  cement  to  insure  a  watertight  connection.  Figs.  144  to 
147  inclusive,  show  different  methods  of  flashing  which  may  be 
employed.     The  sketches  explain  themselves. 
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In  flat-roof  construction  with  parapet  walls,  all  valleys  in  the 
roof  surface  should  lead  to  drain  boxes.  Fig.  148  shows  the 
drainage  scheme  for  part  of  the  roof  of  the  Shoe  Factory  at  Cam- 
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bridge,  Mass.,  built  by  the  Concrete  Engineering  Co.,  for  The 
Cambridge  Building  Trust. 

Drain  boxes ,  or  conductor  boxes  as  they  are  usually  called, 
have  been  made  in  many  ways — ^lead  or  copper  being  generally 
used.  Fig.  149A  shows  a  double  copper  box  for  conductors  used 
on  a  factory  building  for  A.  M.  Lyon,  Esq.,  Roxbury,  Mass. 
Fig.  1495  is  a  sketch  of  a  conductor  box  installed  by  the  Aber- 
thaw  Construction  Co.  in  a  warehouse  for  the  Portland  Savings 
Bank,  Portland,  Maine.  Wire  screens  or  strainers  should  always 
be  specified  since  they  prevent  the  down  spouts  from  becoming 
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Fig.  150. 

clogged  by  leaves,  etc.  The  down-spouts  may  be  carried  down 
inside  or  outside  the  building — depending  upon  preference  and 
sewer  conditions.  The  conductors  should  be  cast  iron  when 
carried  inside  the  building,  while  corrugated  iron,  due  to  its  ability 
to  expand  without  breaking,  is  better  on  the  outside  of  the  build- 
ing where  freezing  of  water  in  the  conductors  may  be  expected. 
All  vapor  and  soil  pipes  extending  through  the  roof  should  have 
an  expansion  sleeve  soldered  on  and  counter-flashed  with  an 
inverted  copper  cone  attached  to  pipe. 

Fig.  150  shows  the  method  of  draining  a  roof  surface  of  con- 
siderable pitch — a  condition  under  which  parapet  walls  could  not 
be  used.  This  is  called  hanging  gutter  construction.  The  gutters 
should  have  a  slope  of  about  1  in.  in  16  ft. 

The  following  table  will  serve  as  a  guide  by  which  to  proportion 
the  size  of  gutters  and  down-spouts: 

Span  of  roof  Gutter  Conductor 

_  —  -      ^  _   - 

UptoSO  ft 6  in.  '  4  in.  every  40  ft 

50  to  70  ft 7  in.  6  in.  every  40  ft. 

70  to  100  ft 8  in.  6  in.  evoy  40  ft. 
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There  is  wide  variation  in  practice  in  the  number  of  square  feet 
of  roof  surface  to  1  sq.  in.  of  leader  opening,  but  the  above  table 
should  give  some  idea  of  the  general  practice. 

37.  Loading. — The  roof  of  a  reinforced-concrete  building  should 
be  designed  to  carry  the  weight  of  roof  covering  and  snow  which 
may  come  upon  it.  If  the  roof  has  considerable  pitch,  wind 
pressure  should  also  be  considered.  A  roof  load  commonly 
assumed  in  temperature  climates  for  flat  roofs  is  40  lb.  per  square 
foot,  in  addition  to  the  weight  of  the  concrete  itself. 

The  snow  load  varies  with  the  latitude  and  the  humidity.  As  a 
maximum  it  is  approximately  30  lb.  per  horizontal  square  foot  in 
Canada  and  northern  Wisconsin,  20  lb.  in  the  city  of  Chicago,  10 
lb.  in  Cincinnati,  and  rapidly  diminishes  southward. 

The  wind  load,  which  acts  horizontally,  varies  with  the  velocity 
of  the  wind.  A  pressure  of  30  lb.  per  square  foot  of  vertical  sur- 
face is  usually  assumed.  Several  formulas  are  in  existence  for 
determining  wind  pressure  on  inclined  surfaces.  Duchemin's 
formula  which  follows,  is  preferred  by  many  engineers  as  it  is 
based  upon  carefully  conducted  experiments: 

2jinA 
^~^'l+sinU 

where  P    =  normal  pressure  of  wind  in  pounds  per  square  foot 
of  inclined  surface. 
Pi  =  pressure  of  wind  in  pounds  per  square  foot  on  a 

vertical  surface. 
A   =  angle  of  inclination  of  the  roof. 
The  dead  load  of  any  roof  may  be  estimated  quite  closely  from 
the  following  data — weights  are  per  square  foot  of  roof  surface: 
Five-ply  felt  and  gravel  roof,  6  lb. 
Four-ply  felt  and  gravel  roof,  5 J  lb. 
Three-ply  ready  roofing,  0.6  to  1  lb. 
Slates,  tV  in.  thick,  7i  lb. ;  i  in.  thick,  9.6  lb.  (the  common 

thickness  is  tV  in.  for  sizes  up  to  10  in.  by  20  in.). 
Shingle  clay  tiles,  11  to  14  lb. 
Spanish  tile,  8  lb. 
Vitrified  roofing  tile,  1  in.  thick,  9  lb.  (including  asphalt  and 

five  thicknesses  of  felt,  llj  lb.). 
Slate  tile,  |  to  1  in.  thick,  13  lb.  (including  aphalt  and  felt,  15^ 

lb.). 
Tin  roofing,  sheets  or  shingles,  1  lb. 
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Copper  roofing,  sheets,  1^  lb.;  tiles  If  lb. 

Corrugated  iron,  1  to  3  lb. 

Skylights    with    galvanized-iron  frames,   J-in.  glass,  4^   lb.; 

,V  in.,  5  lb.;  I  in.,  6  lb. 
Plaster,   5  lb. 
Suspended  ceilings,  10  lb. 
C'inders,  45  lb.  per  cubic  foot. 
Cinder  concrete,  112  lb.  per  cubic  foot. 

38.  Design  of  Roof  Bay. — Problem  is  to  design  an  interior  roof 
bay  of  a  five-ply  felt  and  gravel  roof  to  support  a  30-lb.  snow  load. 
Assume  a  2-ft.  cinder  fill  with  a  2-in.  concrete  surfacing.  .  Make 
same  assumptions  and  use  same  working  stresses  as  in  the  two- 
intormediate-beam  design  of  Art.  17.  The  same  column  spacing 
and  arrangement  of  beams  and  girders  will  be  adopted  as  in  the 
design  mentioned. 

The  computations  given  below  are  without  much  explanation. 
The  order  of  design  followed  is  identical  with  the  design  of  floor 
bay  already  referred  to  in  Art.  17  and  the  student  should  have  no 
difficulty  in  understanding  the  equations  and  figures  given. 

Slab. — Total  load  per  square  foot  exclusive  of  dead  weight  of 

slab  is  150  lb.,  made  up  of  the  following  items: 

five-ply  felt  and  gravel  covering  =  6  lb. 

2  ft.  of  cinders  =90  lb. 

2-in.  concrete  surfacing      =25  lb. 

snow  load  =30  lb. 

Total  151  lb.,  say  150  lb. 

A  3J-in.  slab  (d  =  2jin.)  will  sustain  a  load  (live  plus  dead) 
of  105  (1.2)  =  198  lb.  per  square  foot.  Load  for  slab  to  carry  is 
1 50  -f  44  =  1 94  lb.  per  square  foot,  a,  =  0.254  sq.  in.  |-in.  round 
rodn  — 5  in.  on  centers.  Three  f-in.  round  rods  transversely 
in  i'iivM  7-ft.  panel. 

droMH  Beams, — Assume  dead  load  of  the  stem  of  beam  at  175  lb. 
p^r  lirii-ar  foot.     Total  loading  per  foot  of  length  =  (194)  (7)  +  175 
-  ir,M\h. 

16,100     ,„ 
.^-    =153  sq.  in. 
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Economical  depths  for  various  assumed  web  widths: 


6' 

d 

b'Xd 

Depth  for  shear 

Sin. 

19.6  in.         ' 

157 

1             19.2 

9  in. 

18.6  in. 

167 

17.0 

LOin. 

17.7  in. 

177 

15.3 

The  dimensions  6' =10  in.  and  d  =  19  in.  (total  depth  21  in.) 
will  be  adopted.  This  web  width  is  the  same  as  for  floors,  thus 
necessitating  no  change  in  width  of  slab  forms.  The  depth  of 
21  in.  is  necessary  to  give  a  four-rod  design.  The  same  arrange- 
ment of  rods  will  be  employed  as  is  shown  in  Plate  VII  except 
that  the  bent  rods  will  extend  over  the  girder  rods.  (See  discus- 
sion concerning  this  arrangement  in  Art.  17.) 

weight  of  8tem=(^'^^\(f(^^«)  =  182  lb.  O.K. 

6  =10+8(3. 5)  =  38  in. 
M  _  677,000__ 
6d«~(38)(19)*~*^'* 

^-^^»■'» 

/c  =  425 
j  =  0.92 

677,000^ . 

"'  ~  (16,000)  (6 .  92)  (19)  ~^  *^  ^^-  '"• 
4— |-in.  round  rods. 

16,000  --,,  .     , 

«=(4)(2.75)(0.85)(19.5)  =  ^^  ^^-  P^""  ^q^^'"*'  '''^^- 

Since  it  is  proposed  to  provide  thoroughly  for  diagonal  tension  by 
means  of  vertical  stirrups  with  the  bent  rods  as  so  much  additional 
web  reinforcement,  this  bond  stress  will  be  allowed.  (See  Arts. 
38  and  63,  Volume  I.) 

d=19.5  =  0103 

P=(10)a975)=0-0124  =  P' 

L  =  0.283 
/C=0.0110 


192      REINFORCED  CONCRETE  CONSTRUCTION 

677  000 
^*=  (10)(19:5)'(0.283)  =  ^28  lb.  per  square  inch. 

677  000 
■'■•■=  (10)(19.5)»(0.0110)  =  ^^'2^  ^^-  P*'  '"^"""'^  ''''•'• 


vdi.]--'- 


=  5.4  in. 


^21 
X2=or<  2 

.^  •  looo 

(0 .  012)(19)  =  0 .  23  in.   |-in.  round  stirrups  bent  at  upper 
ends  O.K. 
_(3)(0.11)(2)(16,000)(0.85)(19.5) 
*    "     "'  (2)(16,100) 

Atg     8=3X5.4  =  7.2  in. 

At^     s  =  (2)(5.4)  =  10.8in. 

Length  for  bond  of  compression  rods 

(628) (15)  (0.875)     ... 

(4)T80)  =2^*''- 

Girder. — Reaction  of  concentrated  loads  =  2X16,100  =  32,200 

lb.    Assume  dead  load  of  stem  at  375  lb.   per  linear  foot. 

(32  200)  (3) 
Equivalent  total  loading  per  foot  of  length = '~<yi         +375 

=4975  lb. 

7  =  32,200+10.5  (375)  =36,200  lb. 

36,200     ..^        . 
Economical  depths  for  various  assumed  web  widths: 


y  d  h'Xd  ,"  Depth  for  shear 

12  26.5  318  28.8 

14  24.7  I  346  24.6 

16  24.0  I  360  23.0 


The  dimensions  6' =  12  in.  and  d  =  29.5  in.  (total  depth  33  in.) 
will  be  adopted  since  greater  widths  require  nearly  the  same  depth 
to  keep  fe  within  the  allowable. 
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PLATE  XII 


THE  WlSCOlfSUf  OONBTRUCTIOTI  CO. 
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PLATE  Xin 


THE  WISCONSIN  CONSTRUCTION  Ca 

KM  ^^ 'P.. Mn.f OP  ^K^ry. EST.  na  .//fJt...DATE.J/f.//.^/^.. 
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PLATE  XIV 

Sbcct  No...^. 


THE  WISCONSIN  CONSTRUCTION  CO. 
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weight  of  stem  J^^^^^^^^'^=370lh.  O.K. 

6  =  12+8(3.6)  =40  in. 
M  _  1,975,000  _„  - 
6d»~(40)(29.5)*~^'" 

^=0.12 

/c  =  600 

7  =  0.95 

1,975^00 
"'~(16,060)(6.95)(29.5)~**^*i*  *'^- 
8— J-in.  round  rods. 

36,200  --,,  .     . 

"=  (8)(2:759)(0.85)29.5)  =  ^^  '*'•  P*'"  '<1"*'"®  '''*'^- 

d'  =  29.J;«««^ 

L  =  0.252 
/£:= 0.0120 

.  1,975,000  _.-,.  .     , 

^'==(12)(29.5)'(0.252)  =  ^^0  lb.  per  square  inch. 

,  1,975,000  1-onniK  •     u 

•'^'^  (12)(29. 5)^(0. 0120)  =  ^^'^^  ^^-  P^'"  ^^"^""^  '"*'•'• 
At  support 

V  36,200  ,.,rtiK  1-         •     V. 

id  =  (0.85)(29.5)  =  ^*^^  '^-  P"""  '"^^"  •°*'^- 
At  third  point 

V    36,200- (375)  (7)     ,_„,,  ,.         .     . 

id=     (0.95)(29.'5)     =1200  lb.  per  linear  mch. 

Total  diagonal  tension  to  be  taken  by  six  bent  rods: 

l*^«+1200(7.0)(12.0)g)  =74,200  lb. 

Tensile  value  of  bent  rods : 

(6X0.6011(16,000) ^32^^^^  ,^^ 

(0.012)  (29.5)  =0.35  in.     i-in.  round  stirrups  bent  at  upper 
end  O.K. 
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At  third  point 


(2)(0.196)(16,000) 


1200 


=  5  in. 


Length  for  bond  of  compression  rods 

(750)(15)(0.875) 
(4)(80y 


=  31  in. 


Plate  XII  is  a  suggested  form  for  use  in  designing  beams. 
Plates  XIII  and  XIV  show  this  form  filled  out  for  the  above  roof 
beams  and  roof  girder  respectively.  Plate  XV  shows  the  details 
of  the  roof  bay  in  question. 


<^"' 
§' 


>< 


4 

Li 


ia'^^.iwm^j^y'^Jii^ji.f^^i!^j?i'.w'j^ii.^j^ 


Section  through  Machine  Shop 


f-^odsfcYcX   Mg^.    >     .f^odsuy.foc.      No.  Tj A  Fabric 

-J ^'•'Pocfs  e'c.foc^ 


Section  B-B 
Fig.  151A. 

The  rectangle  shown  in  Plates  XII  to  XIV  inclusive  is  inserted 
merely  for  convenience.  It,  however,  permits  all  graphical  work 
relating  to  the  location  of  diagonal-tension  reinforcement  to  be 
checked  up. 

39.  Saw-tooth  Construction. — Saw-tooth  roofs,  in  general, 
have  been  found  especially  well  adapted  for  machine  shops  and 
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factories,  where  it  is  desirable  to  have  a  uniform  daylight  illumina- 
tion over  the  entire  floor  area.  In  reinforced  concrete,  unfor- 
tunately, this  type  of  construction  is  expensive  because  of  the 
irr^ularities  of  the  forms,  and  has  been  employed  only  to  a  limited 
extent  on  that  account.  Typical  designs  of  saw-tooth  roofs 
are  shown  in  Figs.  151,  152  and  153.  The  skylights  are  usually 
arranged  to  face  the  north,  as  the  sun's  rays  would  be  undesirable 
and  would  cause  excessive  heat  in  the  building  in  the  summertime. 


S-r'Pods 


/S'l  Beam 


Section  A -A  ^^ 


Fig.  151B. 


Fig.  153  is  a  sketch  of  a  saw-tooth  roof  used  in  the  new  Maver- 
ick cotton  mill  (East  Boston,  Mass.)  and  designed  by  Lockwood, 
Greene  &  Co.  The  girders  supporting  the  saw-tooth  were  made 
of  suflicient  stiffness  so  that  no  horizontal  tie  rods  were  necessary. 
The  lines  of  columns  for  the  saw-tooth  span  are  20  ft.  center  to 
center  and  two  girders  are  located  in  each  bay. 
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The  saw-tooth  roof  construction  shown  in  Fig.  153A  was 
designed  by  Densmore  &  LeCIear,  Architects  find  Engineers, 
for  the  A.  M.  Lyon  factory  at  Roxbury,  Mass. 


6ff/i^n/z^  /rprr 


daivJren 


Fig.  152. — Cross-section  detail  of  saw-tooth  roof. 


Fig.  153. 

A  saw-tooth  roof  construction  using  separately  molded  mem- 
bers has  been  developed  by  the  Unit  Construction  Co.  of  St. 
Louis.     Fig.  154  is  a  cross-section  showing  the  typical  arrange- 
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ment  of  units.  The  roof  portion  of  the  saw-tooth  rests  at  its 
lower  end  on  a  ledge  in  the  girder  and  at  the  upper  end  on  a  ledge 
in  the  skylight  frame.    The  lower  end  of  the  frame  also  rests  on 


Courteay  of  Densmore  A  LeClear. 

Fio.  163A. — Saw-tooth  construction  in  Roxbury  Shoe  Factory. 


Ve  beam  -  " 


?  = 


Oirchr^ 


Fig.  154. — Cross-section  showing  typical  arrangement  of  units  in  saw-tooth 
construction,  "  Unit  System." 


a  ledge  in  the  girder  and  the  horizontal  beams  are  provided  in 
order  to  tie  in  the  building,  and  for  the  possible  support  of  shafting 
or  other  installations.     The  skylight  frame  extends  from  column 
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Courtesy  of  Universal  Portland  Cement  Co. 

Fig.  155. — Saw-tooth  construction  by  the  "  Unit "  method.     Factory  build- 
ing for  Sturges  &  Burn  Mfg.  Co.,  Bellwood,  111. 


Courtesy  of  Universal  Portland  Cement  Co. 

Fio.  156. — Details  of  saw-tooth  roof,  Sturges  &  Burn  Mfg.  Co., 
Bellwood,  111. 
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to  column  and  consists  essentially  of  a  large  flat  plate  into  which 
the  window  frames  are  cast.  The  connections  are  made  in 
practically  the  same  manner  as  the  floor  connections  for  this 
system  of  unit  construction  as  described  in  Art.  19. 

Saw-tooth  roofs  of  the  unit  type  were  employed  in  the  plant 
of  the  Sturges  &  Burn  Mfg.  Co.,  Bellwood,  111.  A  general  view 
of  this  plant  during  construction  has  been  shown  in  Fig.  76. 
Figs.  155  and  156  show  the  details  of  the  saw-tooth  roofs. 

Saw-tooth  skylights  are  usually  glazed  with  wire  glass,  held 
in  metallic  frames,  so  that  the  entire  construction  is  fire-resisting. 


Problem 

Design  an  interior  roof  bay  of  a  five-ply  felt  and  gravel  roof  to  support 
a  live  load  of  30  lb.  per  square  foot.  Assume  a  li-ft.  cinder  fill  with  a 
2-in.  concrete  surfacing.  Column  spacing  and  all  other  conditions  to  be 
the  same  as  in  Problem  5.  Use  designing  forms  supplied  you,  and  send  in 
computations  and  roof-bay  details. 


CHAPTER  VII 
COLUMNS 

40.  Details  of  Design. — Columns  exceeding  15  diameters  in 
length  should  be  avoided  as  very  little  is  known  from  tests  con- 
cerning columns  of  such  slender  proportions.  Fortunately, 
however,  columns  longer  than  15  diameters  are  quite  rare  except, 
of  course,  in  roof  stories  where  a  light  roof  load  often  requires 
very  light  sections.  Where  long  columns  are  required,  it  is 
better  to  make  the  column  a  Uttle  larger  rather  than  use  any  of  the 
existing  formulas  which,  necessarily,  are  based  entirely  upon 
theoretical  considerations.  Owing  to  the  difficulty  of  filling 
columns  of  small  diameter,  an  8-in.  column  should  be  the  mini- 
mum size  allowable. 

A  high  percentage  of  longitudinal  reinforcement — say  above 
4  or  5  per  cent — is  undesirable  on  account  of  the  uncertainty  of 
the  strength  of  such  columns.  In  fact,  increase  in  the  proportion 
of  cement  is  usually  much  to  be  preferred  to  a  high  steel  percent- 
age, not  only  because  the  cement  gives  a  more  definitely-known 
increase  in  strength,  but  also  because  it  is  a  cheaper  colimm 
reinforcement  than  steel.  In  no  case  should  a  leaner  concrete 
mixture  than  1 : 2: 4  be  used. 

All  columns  of  any  considerable  length  should  be  reinforced 
with  at  least  four  f -in.  rods,  whether  or  not  such  reinforcement  is 
theoretically  required.  This  should  be  done  to  guard  against  the 
possibility  of  eccentric  loading  and  for  safety  in  construction. 
The  Joint  Committee  recommends  that  the  length  of  a  plain 
concrete  column  be  limited  to  12  diameters. 

The  present  Building  Ordinance  of  the  City  of  Chicago  requires 
that,  where  longitudinal  rods  are  not  theoretically  needed,  rein- 
forcing rods  shall  be  used,  equivalent  to  not  less  than  §  per  cent  of 
the  cross-sectional  area  of  the  column;  provided,  however,  that 
the  total  sectional  area  of  the  reinforcing  steel  shall  not  be  less 
than  1  sq.  in.,  and  that  no  rod  or  bar  be  of  smaller  diameter  or 
of  less  dimensions  than  ^  in. 

Wherever  there  is  a  small  eccentricity  of  column  loading, 
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extra  rods  should  be  inserted  to  take  care  of  the  stress  due  to 
bending.  If,  however,  the  loading  is  appreciably  eccentric, 
the  stresses  and  amount  of  reinforcement  may  be  determined  as 
explained  in  a  general  way  in  Chapter  IX  of  Volume^I.  The 
method  in  detail  will  be  given  in  Chapter  XIV  of  this  volume. 

If  a  speeial  fire-proofing  is  not  provided  around  concrete  col- 
umns, li  in.  on  all  sides  should  be  considered  as  protective  cover- 
ing and  then  this  thickness  should  not  be  included  in  the  calcula- 
tions for  strength.  A  less  thickness  than  IJ  in.  should  be  suffi- 
cient where  the  contents  of  a  building  are  not  especially  inflam- 


CourUm  of  FcrroHMncreU  Conttruction  Co. 

FiQ.  167. — Spiral  column  reinforcement. 


mable.  In  no  case,  however,  should  the  steel  be  nearer  the  sur- 
face than  IJ  to  2  in.  since  it  is  desirable  to  prevent  any  tendency 
of  the  vertical  rods  to  buckle  under  working  loads. 

It  is  advisable  in  all  cases  to  place  occasional  horizontal 
hoops  around  the  vertical  steel.  Although  tests  do  not  show  that 
they  are  absolutely  necessary  if  a  IJ-in.  to  2-in.  concrete  covering 
is  provided,  yet  it  is  good  practice  to  employ  them  as  an  addi- 
tional precaution  against  any  buckling  of  the  rods  under  small 
loads.  Such  hoops,  also,  serve  to  keep  the  rods  in  place  during  the 
pouring  of  the  concrete  and  should  not  be  farther  apart  than  18 
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in.  nor  exceeding  about  20  times  the  diameter  of  the  vertical 
rods.  For  columns  of  moderate  size,  J-in.  wire  hoops  are  gener- 
ally used  12  in.  on  centers. 

Bands,  hoops  or  spirals  (Fig.  157)  to  be  considered  effective 
should  have  a  clear  spacing  not  greater  than  one-sixth  (preferably 
one-tenth)  the  diameter  of  the  enclosed  column — in  no  case, 
however,  more  than  2^  in. — and  should  be  equal  in  amount  to  at 
least  1  per  cent  of  the  volume  of  the  column  inside  the  hoops. 
(See  second  report  of  the  Joint  Committee  given  in  the  Appen- 
dix.) It  is  always  better  to  use  longitudinal  rods  in  connection 
with  hooping,  as  the  use  of  lateral  reinforcement  alone  does  not 
seem  altogether  advisable.  It  should  be  noted  that  the  Joint 
Committee  recommends  an  increase  in  the  allowable  working 
stress  on  the  concrete  of  hooped  columns  only  when  the  ratio  of 
the  unsupported  length  of  column  to  the  diameter  of  the  hooped 
core  is  not  greater  than  8. 

It  should  always  be  kept  in  mind  that  hoops  and  spirals  are 
tension  reinforcement  and  subject  to  all  the  rules  governing  the 
design  of  such  steel.  If  hoops  are  used,  the  ends  should  lap  a  suf- 
ficient distance  to  secure  the  requisite  grip,  or  else  the  ends  should 
be  bent  toward  the  center  of  the  column  to  accomplish  the  same 
purpose.  When  spiral  reinforcement  is  employed,  it  is  important 
to  have  one  continuous  piece  from  top  to  bottom,  or  else  joints 
should  be  made  as  just  explained. 

Hooping  should  extend  from  the  bottom  of  the  column  to  the 
under  side  of  the  slab  above  and  adequate  means  should  be  pro- 
vided to  hold  it  rigidly  in  place  so  as  to  form  a  column,  the  core  of 
which  will  be  straight  and  well  centered.  For  ordinary  percent- 
ages of  hooping,  tests  show  that  wire  of  high-carbon  steel  gives  a 
much  larger  increase  in  the  ultimate  strength  of  column  than  wire 
of  mild  steel. 

The  core  of  a  hooped  column  should  preferably  be  circular  in 
cross-section,  but  square  and  rectangular  hoops  are  sometimes 
employed  in  practice  (the  Joint  Committee  recommends  that  only 
circular  hoops  be  employed).  In  such  cases,  the  hoops  are  prob- 
ably less  effective,  but  it  is  not  known  how  much.  The  ideal 
condition,  theoretically,  is  hooped  columns  of  circular  cross-sec- 
tion with  circular  cores.  The  expense  incidental  to  the  use  of 
circular  forms,  however,  is  quite  likely  to  be  prohibitive.  Columns 
are  commonly  made  square  or  octagonal  in  section  with  the  cir- 
cular form  retained  for  the  hoops. 
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When  light  vertical  rods  are  used  they  may  be  spliced  by  lap- 
ping a  sufficient  distance  above  the  floor  level  (about  30  diameters) 
to  develop  the  requisite  bond  strength.  They  should  be  bent 
slightly  inward  at  the  top  in  order  to  come  just  within  the  rods  of 
the  column  above,  thus  preventing  any  tendency  of  the  load  com- 
ing down  from  the  upper  rods  to  bulge  the  column.  Rods  much 
over  an  inch  in  diameter  should  be  milled  square  and  butted 
together  in  a  secure  manner.  Some  authorities  advise  this  method 
of  splicing  for  all  rods  except  those  which  are  not  figured  as  taking 
stress. 

The  splicing  of  large  rods  may  be  effected  by  joining  them  in 
rather  closely  fitting  pipe-sleeves.  All  such  splices  should  be 
made  just  above  the  floor  level  and  not  more  than  12  in.  above  the 
same.  Since  each  rod  should  find  a  bearing  on  a  rod  below,  the 
number  of  rods  increases  downward  in  the  building  and,  unless 
the  loading  is  eccentric,  great  care  should  be  taken  to  have  the 
rods  symmetrically  arranged  in  each  story.  Rods  may  extend 
through  several  stories  if  so  desired,  but  it  is  difficult  to  hold  them 
in  place  while  concreting  the  lower  lengths. 

At  the  bottom  of  the  columns,  the  loads  from  the  rods  should 
be  distributed  over  the  footing  by  means  of  a  steel  bearing  plate. 
In  order  not  to  overstress  the  concrete  in  the  column,  the  concrete 
immediately  below  the  plate  should  be  enlarged  so  as  to  bring  the 
average  pressure  within  the  allowable.  Tests  described  in  Art. 
69  of  Volume  I  show  that  if  considerable  lengths  of  the  longitudinal 
reinforcing  rods  are  bent  outward  into  a  reinforced-concrete 
footing,  the  strength  of  column  will  be  about  as  great  as  when 
these  rods  are  bedded  on  a  metal  plate.  The  results,  however, 
also  show  that  the  use  of  metal  plates  leads  to  greater  uniformity 
and  strength.  Base  plates  should  be  set  in  a  thin  grout  of  pro- 
portions about  1  :  2  in  order  to  prevent  hollow  places  under  the 
plates. 

In  our  modern  city  buildings  where  the  floor  space  on  the  first 
floors  is  valuable,  the  use  of  a  steel  column  core  (Figs.  158  and  159) 
presents  a  very  economical  and  efficient  construction.  To  be  able 
to  count  upon  the  concrete  in  such  columns  the  steel  itself  should 
be  sufficiently  rigid  to  act  as  a  column  and  the  concrete  should  be 
well  enclosed  either  by  the  steel  form  itself  or  by  means  of  bands 
or  hooping.  However,  if  the  amount  of  steel  is  very  large,  the 
relative  value  of  the  concrete  is  more  uncertain,  and  its  element 
of  strength  should  be  neglected.     Structural  steel  reinforcement 
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is  sometimes  employed  in  the  form  of  a  cross  in  the  center  of  the 
column  or,  more  often,  channels  are  employed  connected  by  riv- 
eted latticing.  The  best  connection  between  column  and  beam  is  a 
structural  steel  seat  riveted  to  the  column,  and  of  sufficient  aze 
to  carry  the  entire  load  in  bearing  These  seats  do  not  appear 
in  the  finished  surface  of  rooms  and  their  stiffness  is  considerably 
assisted  by  the  concrete  shell. 


Courtesy  of  Turner  Construction  Co. 

Fig.  158. — Arbuckle  Brother's  Warehouse,  Brooklyn,  N.  Y.  Structural 
steel  columns  used  in  the  first  three  floors  to  economize  floor  space  and  carry 
the  very  heavy  floor  loads  used  in  this  building. 


Where  structural  steel  columns  are  used,  the  floor  beams  and 
girders  should  be  figured  as  simply  supported  unless  the  usual  con- 
tinuity rods  are  run  through  the  column.  The  structural  sted 
and  concrete  column  shown  in  Fig.  160  was  designed  by  the 
Aberthaw  Construction  Co.  of  Boston  for  the  Storage  Building 
of  the  Winchester  Repeating  Arms  Co.  It  is  a  typical  design 
of  this  type  of  column. 

Wherever  concrete  walls  are  to  be  buiit  M|inst  concrete  columns 
at  some  later  time,  weather  breaks  or  ke^feys  should  be  formed 
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in  the  columns.  This  is  accomplished  by  nailing  small  strips  on 
the  inside  oi  the  forms.  Where  windows  are  to  be  set  into  column 
reveals,  window  ties  should  be  embedded.  In  order  to  obtain  a 
low  cost  for  form  work  it  is  better  to  vary  square  columns  in  one 
dimension  rather  than  in  two,  both  on  account  of  the  columns 
themselves  and  the  beams  framing  into  them. 

Cinder-concrete  cylinders  have  been  used  to  some  extent  as  a 
protective  covering  for  reinforced-concrete  columns  and  also  to 
take  the  place  of  column  forms.  In  Factory  No.  1  of  the  plant 
of  the  Bush  Terminal  Company,  South  Brooklyn,  New  York,  the 
interior  columns  are  cylindrical  and  compK)sed  of  an  outside  shell 
of  cinder  concrete  2J  in.  thick.  These  cinder-concrete  cylinders 
were  prepared  in  advance  in  2-ft.  lengths,  in  a  zinc  mold,  with 
spiral  hooping  and  expanded  metal  forming  the  inner  surface. 
After  hardening,  they  were  set  one  upon  another  in  the  building, 
and  filled  with  concrete. 

Separately  molded  columns  are  described  in  Art.  19.  Typical 
details  of  such  columns  are  also  shown. 

41.  Loading. — Column  loading  has  already  been  considered  to 
some  extent  in  Art.  22. 

In  addition  to  its  own  dead  weight,  a  column  should  be  designed 
to  carry  the  live  and  dead  loads  of  the  roof  and  floors  above. 
The  full  live  load  on  floors  must  be  used  in  designing  columns  for 
warehouses  or  buildings  for  heavy  mercantile  and  manufacturing 
purposes.  In  other  buildings,  however,  where  it  seems  reasonable 
to  suppose  that  a  full  live  load  will  never  occur  on  all  floors 
simultaneously,  reductions  should  be  made  as  follows: 

For  columns  carrying  Reduce  total  live  load 

Two  floors 16  per  cent. 

Three  floors 20  per  cent. 

Four  floors 25  per  cent. 

Five  floors 30  per  cent. 

Six  floors 35  per  cent. 

Seven  floors 40  per  cent. 

Eight  floors 45  per  cent. 

Nine  or  more  floors 50  per  cent. 

42.  Column  Brackets. — Column  brackets,  such  as  are  shown 
in  Fig.  161,  are  serviceable  in  stiffening  the  building  frame  a^d 
in  decreasing  the  stress  in  the  girders.  They  should  not,  however, 
be  considered  as  decreasing  the  girder  span,  but  simply  as  so  much 
additional  protection  against  failure. 

16 
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Brackets  are  usually  required  in  high  buildings  in  order  to  brace 
the  frame  properly  against  wind  stresses.  If,  however,  buildings 
are  both  high  and  narrow,  the  stresses  in  the  members  due  to  wind 
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Fig.  161. 

should  be  figured  and  proper  provision  made  for  the  same.     The 

method  of  computing  such  stresses  will  be  explained  in  Art.  75. 

A  column  supporting  a  roof  may  also  serve  as  a  crane  post  or 
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Fio.  162. — Data  on  bracket  tests. 


carry  a  heavy  load  on  a  bracket.  The  method  of  computing  the 
bending  moment  due  to  such  eccentric  loading  will  be  explained 
in  chapter  XIV,  Art.  73. 
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In  order  to  develop  and  demonstrate  unit  construction  methods, 
the  Unit  Construction  Co.  of  St.  Louis  has  equipped  a  laboratory 
with  a  50,000-lb.  testing  machine  and  other  necessary  apparatus. 
Among  the  experiments  that  have  been  made  are  a  number  that 
were  devised  to  throw  some  light  on  the  subject  of  bracket  design. 
The  following  description  of  these  tests  has  been  taken  from  a 
paper  presented  by  Mr.  John  E.  Conzelman,  Chief  Engineer  of  the 
Unit  Construction  Co.,  before  the  National  Association  of  Cement 
Users,  Pittsburg,  January,  1913: 
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Fig.  163. — Data  on  bracket  tests. 


''The  dimensions  of  the  specimens  are  shown  in  Fig.  162.  The 
concrete  was  a  1:2:4  mix,  the  aggregate  being  Meramec  Kiver  sand 
and  gravel.  The  specimens  were  tested  in  an  inverted  position  on 
account  of  greater  ease  in  handling.  The  load  was  applied  through  a 
hardenedHsteel  ball,  bearing  in  a  cup-shaped  depression  in  a  heavy 
steel  plate.  The  brackets  rested  on  1-in.  X  4-in.  steel  plates  carried 
on  rollers  as  indicated  in  sketch.  Even  bearing  between  plates  and 
concrete  was  assured  by  means  of  plaster-of-Paris  joints.    Seven  types 
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of  brackets  were  tested;  type  No.  1  being  without  reinforcement — the 
others  reinforced  as  shown. 

"Three  types  of  reinforcement  were  used,  singly  and  in  combina- 
tion. Type  X  is  a  short  length  of  bar  bent  downward  at  each  end; 
type  Y  consists  of  a  single  bar  bent  in  the  shape  of  a  rectangle;  type  Z 
consists  of  a  single  bar  bent  to  follow  the  shape  of  the  bracket.  The 
type  Z  reinforcement  is  as  you  know,  the  type  usually  employed. 

"The  specimens  were  tested  at  the  age  of  six  weeks  as  near  as  pos- 
sible, except  type  No.  7  specimens,  which  were  tested  at  the  age  of  62 
days.  Two  specimens  of  each  type  were  tested,  and  the  photographs 
of  Figs.  162  and  163  show  clearly  the  condition  of  the  specimens  after 
failure.  The  load  causing  the  first  noticeable  crack,  and  the  load 
causing  failure  are  also  shown.  The  position  and  extent  of  the  cracks 
are  shown  in  the  sketch  of  each  type. 

"As  was  to  be  expected,  none  of  the  specimens  failed  through  tension 
in  the  steel.  The  failures  were  due  to  shearing  or  diagonal-tensile 
stresses,  and  insufi^cient  bond.  The  action  is  similar  to  that  which 
exists  at  the  end  of  a  beam;  the  condition  is  aggravated,  however,  by 
the  difficulty  of  securing  suflicient  bond  to  develop  high  stresses  in  the 
steel. 

"Although  the  conclusions  that  are  derived  from  these  tests  are 
not  final,  yet  the  fact  is  brought  out  that  the  type  of  bracket  ordi- 
narily used  is  the  least  efficient  of  the  forms  tested.  The  failure  is 
fairly  sudden  and  the  concrete  is  almost  completely  destroyed.  The 
most  satisfactory  form  is  type  F,  or  closed  loop.  With  a  number  of 
loops  spaced  dose  together  the  failure  is  slow  and  even  after  the  con- 
crete is  partially  destroyed  considerable  load-carrying  capacity  exists. 
This  feature  is  shown  by  the  photographs  of  type  No.  3. 

"The  average  shear  per  square  inch  on  the  vertical  plane  of  junc- 
tion with  the  column  at  first  load  and  at  failure  is  given  in  the  following 
table: 


ype 

Shear  at  first  crack 

Shear  at  failure 

1 

100  lb.  per  sq.  in. 

100  lb.  per  sq.  in. 

2 

400  lb.  per  sq.  in. 

530  lb.  per  sq.  in. 

3 

410  lb.  per  sq.  in. 

490  lb.  per  sq.  in. 

4 

285  lb.  per  sq.  in. 

375  lb.  per  sq.  in. 

5 

400  lb.  per  sq.  in. 

460  lb.  per  sq.  in. 

6 

345  lb.  per  sq.  in. 

465  lb.  per  sq.  in. 

7 

330  lb.  per  sq.  in. 

470  lb.  per  sq.  in. 

''A  study  of  these  tests  leads  to  the  conclusion  that  the  most  effi- 
cient reinforcement  would  be  the  F-type  loop  bars,  some  of  which  would 
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be  bent  downward  into  the  bracket.  Another  series  of  tests  to  deter- 
mine this  point  is  now  being  made." 

43.  Design  of  Typical  Interior  Column  for  Three-story  Build- 
ing.— In  order  to  show  in  detail  the  method  of  colunon  design, 
the  computations  will  be  given  for  the  design  of  a  typical 
interior  column  of  a  three-story  building.  The  columns  will  be 
spaced  21  ft.  on  centers  both  ways  and  the  two-intermediate  beam 
design  of  Plate  V  will  be  adopted  as  the  typical  floor-bay  design 
for  all  three  floors.  The  design  shown  in  Plates  XIII,  XIV,  and 
XV  will  be  adopted  for  the  typical  roof  bay. 

The  height  from  finished  floor  to  finished  floor  will  be  made  13 
ft.,  except  the  basement  which  will  be  made  11  ft.  A  concrete 
mixture  of  1  :  IJ  :  3  will  be  used,  which  will  allow  a  working  stress 
of  560  lb.  per  square  inch  when  longitudinal  steel  only  is  employed 
and  810  lb.  per  square  inch  when  effective  hooping  is  provided. 
As  reconmiended  in  the  second  report  of  the  Joint  Committee,  the 
concrete  will  be  assumed  to  have  a  modulus  of  elasticity  one- 
twelfth  of  that  of  the  steel.  The  size  of  octagonal  columns  will 
be  given  in  terms  of  the  short  diameter. 

The  load  coming  from  the  roof  may  be  found  by  multiplying 
the  total  shear  on  both  girder  and  cross-beam  by  2,  and  adding; 
or 

(2)(36,200)  +  (2)(16,100)  =  104,600  lb. 

Similarly,  each  floor  load  is 

(2)  (55,300) +2(25,000)  =  160,600  lb. 

The  building  in  question  will  be  considered  as  for  manufactur- 
ing purposes  and  no  reduction  in  live  load  will  be  made.  The 
complete  design  of  column  is  given  on  page  216.  Tables  12  and 
13  of  Volume  I  were  used  in  the  design. 

The  recommendations  of  the  Joint  Committee  have  been  fol- 
lowed and  the  amount  of  vertical  steel  is  in  every  case  less  than 
4  per  cent  and  more  than  1  per  cent.  The  pitch  of  the  spiral 
hooping  is  given  to  the  nearest  J  in.,  as  the  mills  that  fabricate 
spirab  can  manufacture  them  to  such  a  pitch.  The  weight  of 
column  has  been  figured  for  a  length  2  ft.  less  than  the  story  height 
in  order  to  compensate  somewhat  for  taking  the  weight  of  beams 
and  girders  as  extending  from  center  to  center  of  supports.  It 
is  the  intention  to  splice  all  rods,  not  lapped,  by  means  of  a  tightly- 
fitting  pipe  sleeve  about  12  in.  long. 
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Story 


Third 


Second 


First 


Base- 
ment 


Kind  of 
load 


Roof 
Column 

Total] 

Moor 
Column 

Total 

;  Floor 
I  Column 

Total 

i  Floor 
'  Column 

Total 


Amount 
of  load 


104,600 
2,600 

107,100 

160,600 
4,200 

271,900 

160,600 
6,500 

439,000 

160,600 
7,000 

606,600 


Shape  and 
sise  of 
colunm 


16  in. 
octagonal 


21  in. 
octagonal 


26  in. 
octagonal 


30  in. 
octagonal 


Vwtical 

8ted 
(rounds) 


8-i 


,  Spiral  (core 
I    3  in.  less 
,  than  dia.  of 
J     column) 


t 


I 


j  12-i  (lap         dia.  -fin. 
;  above  27  in.)  pitch  »    2f 
in. 

8-lJ  '  dia.   «Jin. 

I  8-}  (lap        j  pitch  »3i 
above  27  in.)  in. 


16-lJ 


dia.  »}  in. 
pitch  -=2{ 
in. 


Pboblbm 

10.  Make  a  complete  design  of  a  t3rpical  interior  column  for  a  three-story 
.    building  using  the  floor  and  roof  loads  determined  from  Problems  5  and 
9.     Follow  the  recommendations  of  the  Joint  Committee  throughout. 
Take  the  same  story  heights  as  given  in  the  above  design. 


CHAPTER  VIII 
FOUNDATIONS 

Reinforced  concrete  is  well  adapted  to  the  construction  of 
foundations.  As  compared  with  plain  concrete,  its  advantages 
for  spread  footings  are  a  reduction  in  the  amount  of  excavation 
required,  a  saving  in  material,  and  a  reduction  in  the  weight  of 
the  foundation  itself. 

44.  Bearing  Capacity  of  Soils. — A  detailed  discussion  of  the 
bearing  capacity  of  different  soils  is  not  within  the  province  of 
this  treatise,  but  a  few  general  remarks  on  this  important  sub- 
ject may  prove  of  some  value. 

The  bearing  capacity  of  soils  depends  upon  their  composition, 
the  degree  to  which  they  are  confined,  and  the  amount  of  mois- 
ture which  they  contain.  An  approximate  idea  of  the  loads 
which  may  be  safely  placed  upon  uniform  strata  of  considerable 
thickness  may  be  obtained  from  the  table  in  Art.  5. 

There  are  many  kinds  and  mixtures  of  soils  and  it  is  not  always 
possible  to  judge  the  safe  bearing  capacity  of  any  given  soil  by 
reference  to  a  table  such  as  that  above  mentioned.  When  there 
is  any  doubt,  tests  or  borings  should  be  made.  After  opening 
the  trenches,  the  best  method  is  to  load  known  areas  and  observe 
the  settlement,  but,  in  interpreting  the  results,  the  fact  should 
not  be  overlooked  that  a  small  area  will  bear  a  larger  load  per 
unit  of  area  for  a  short  time  than  a  larger  area  will  perpetually. 
Thus,  the  area  tested  should  be  as  large  as  practicable  and  the 
test  should  continue  for  some  time. 

Ordinary  soils  will  usually  bear  more  weight  the  greater  the 
depth,  owing  to  the  fact  that  they  become  more  condensed 
from  the  superincumbent  weight.  With  clay,  depth  is  especially 
important  as  there  is  less  liability  of  its  being  displaced  laterally 
due  to  other  excavations  in  the  immediate  vicinity,  and  also 
because  at  greater  depths  the  amount  of  moisture  in  it  is  not 
subject  to  so  much  variation.  In  any  soil,  the  bed  of  the  founda- 
tion should  be  below  the  reach  of  frost. 

217 
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It  is  safe  to  say  that  any  rock  in  its  native  bed  will  bear  the 
heaviest  load  that  can  be  brought  upon  it  by  any  masonry  con- 
struction. It  scarcely  ever  happens  that  rock  is  loaded  with  the 
full  amount  of  weight  which  it  is  capable  of  sustaining.  In 
preparing  a  rock  ted,  all  loose  and  decayed  portions  should  be  cut 
away  and  the  bed  dressed  to  a  plane  surface  as  nearly  perpendicu- 
lar to  the  direction  of  the  pressure  as  is  practicable.  Any  fissures 
or  seams  in  the  rock  should  be  filled  with  concrete.  A  sloping 
surface  should  be  stepped  or  the  foundation  designed  with  suflS- 
cient  toe  to  prevent  sliding. 

Sand  when  dry,  or  wet  sand  when  prevented  from  spreading 
laterally,  forms  one  of  the  best  beds  for  a  foundation.  However, 
porous,  sandy  soils  are  easily  removed  by  running  water  and 
require  extreme  care  at  the  hands  of  the  constructor. 

Piles  are  used  in  such  soils  as  are  not  able  to  bear  the  weight  of 
structures  without  an  excessive  spread  of  the  footing  base.  If 
a  pile  is  driven  so  that  its  lower  end  rests  upon  a  hard  stratum, 
the  loading  is  limited  by  the  strength  of  the  pile  considered  as  a 
column.  The  load  on  an  ordinary  bearing  pile  is  carried  by  the 
friction  of  the  earth  on  the  sides  of  the  pile.  The  only  formulas 
in  anything  like  general  use  for  friction  piles  are  the  following, 
known  as  the  Engineering  News  formulas: 

For  a  pile  driven  with  a  drop  hammer,  P=    ,1 

2Wh 
For  a  pile  driven  with  a  steam  hammer,  P=    irfv 

in  which  P  is  the  safe  load  in  pounds,  W  the  weight  of  the  hammer 
in  pounds,  h  the  fall  of  the  hammer  in  feet,  and  s  the  penetration 
or  sinking  in  inches  under  the  last  blow,  assumed  to  be  sensible 
and  at  an  approximately  uniform  rate.  The  above  formulas 
were  deduced  for  wood  piles,  but  they  are  the  best  there  are  for 
concrete  piles.  They  are  also  claimed  to  be  safe,  for  ordinary 
weights  of  hammer  and  the  usual  height  of  fall,  for  a  pile  that 
acts  as  a  column. 

In  the  driving  of  piles,  Mr.  Joseph  R.  Worcester,  consulting 
engineer,  of  Boston,  advises  for  piles  which  meet  a  hard  resist- 
ance, a  penetration  of  1  in.  under  a  2000-lb.  hammer  falling  10  ft. ; 
and  for  piles  held  by  friction  a  penetration  of  3  in.  under  a  2000- 
lb.  hammer  falling  15  ft.  Ordinary  piles  of  spruce  and  Norway 
pine  will  usually  sustain  10  tons  by  friction  and  15  tons  in  bearing. 
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These  piles  should  never  be  less  than  6  in.  in  diameter  at  the  small 
end  and  never  more  than  18  in.  at  the  large  end.  They  may  be 
driven  2  to  3  ft.  apart  depending  upon  their  length,  the  hardness 
of  the  soil  and  the  size  of  the  butts.  It  has  been  found  that  little 
or  no  additional  bearing  power  is  secured  if  the  spacing  is  much 
less  than  2  ft.  on  centers.  Concrete  piles  are  manufactured  in  dif- 
ferent sizes  and  shapes,  and  their  bearing  capacity  should  be 
thoroughly  considered  for  each  case. 

46.  Pressure  on  the  Soil. — A  column  or  wall  footing  must  be 
spread  until  the  safe  bearing  capacity  of  the  soil  is  not  exceeded. 
An  effort  need  not  be  made  to  eliminate  all '  settlement,  but 
rather  to  so  plan  the  building  that  whatever  settlement  does  take 
place  will  be  imiform.  In  other  words,  to  prevent  cracks  in  a 
building,  the  center  of  the  loads  from  the  columns  or  other  por- 
tions of  the  structure  should  coincide  with  the  center  of  gravity 
of  the  base,  and  the  unit  pressures  under  the  footings  should  be 
such  that  uniform  settlement  will  result. 

In  buildings  subject  to  shock  or  constant  live  load,  the  area  of 
the  footings  should  be  proportioned  for  the  full  live  and  dead  loads. 
In  other  buildings,  that  footing  should  be  chosen  in  which  the  live 
load  bears  the  highest  percentage  to  dead  load  and  its  area  deter- 
mined for  the  total  load  at  the  allowable  bearing  in  the  soil;  the 
pressure  of  the  dead  load  per  unit  area  should  then  be  determined 
and  the  area  of  all  other  footings  should  be  proportioned  for  dead 
load  only  with  this  unit  pressure.  Of  course,  the  preceding  state- 
ment applies  without  change  only  when  the  soil  is  uniform 
throughout. 

The  pressure  on  the  foundation  of  a  tall  building  should  be  con- 
siderably less  than  that  which  may  be  allowed  on  the  foundation 
of  a  low  one-story  structure.  In  the  former  case  a  slight  inequal- 
ity pf  bearing  power,  and  consequent  unequal  settling,  might 
imperil  the  safety  of  the  entire  building;  while  in  the  latter  case 
no  serious  harm  would  result. 

46.  Types  of  Column  Footings. — Foundations  for  columns 
may  be  divided  into  three  principal  forms:  single  footings; 
combined  footings,  including  two  or  more  columns;  and  raft 
foundations  covering  the  whole  foimdation  area. 

47.  Single  Column  Footings. — A  single  symmetrical  slab  is 
the  most  common  form  of  spread  footing.  Two  illustrative 
problems  will  serve  to  show  the  different  methods  of  design. 
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Des.  xN  OF  Footing  for  Interior  Column 

Design  a  single  square  footing  for  the  column  of  Art.  43 
(octagon  30-in.  short  diameter)  carrjring  610,000  lb.  Consider 
the  safe  beariiig  capacity  of  the  soil  at  2\  tons  per  square  foot. 
Use  a  2000-lb.  concrete,  with  medium  steel  reinforcement. 

It  will  be  assumed  that  good  soil  may  be  found  at  the  required 
depth  below  the  basement  floor.  A  base  plate  will  be  provided 
under  the  column  rods,  and  this  plate  will  be  placed  on  top  of 
the  finished  footing.  The  top  of  the  footing  will  be  made  with 
an  area  about  twice  that  of  the  column  and  a  bearing  pressure 
of  650  lb.  per  square  inch  will  be  permitted.  (See  Arts.  10  and 
40,  Volume  I.)  Investigation  shows  that  this  stress  is  but  slightly 
exceeded,  and  thus  the  base  of  the  column  need  not  be  enlarged 
on  this  account.  If  desired,  the  base  plate  may  be  placed  some 
distance  down  in  the  footing,  but  under  such  an  arrangement 
the  column  rods  for  the  first  story  must  be  placed  while  the 
footing  is  being  poured,  which  is  troublesome.  Sometimes,  how- 
ever, this  is  avoided,  especially  where  the  footing  is  at  con- 
siderable depth,  by  inserting  only  short  column  rods  of  such  a 
length  that  they  may  be  properly  spliced  immediately  above 
the  basement  floor.  If  this  is  done,  the  first  floor  can  be  laid 
entire  and  the  first-story  columns  started  above  it. 

The  top  of  the  footing  will  be  made  square,  42  in.  on  a  side. 
This  provides  a  6-in.  ledge  all  aroxmd  so  that,  if  it  is  desired  to 
erect  the  first-story  columns  before  pouring  the  basement  floor, 
the  column  forms  will  have  some  place  on  which  to  rest.  In 
computing  stresses  in  the  footing,  the  column  may  be  assumed 
to  have  a  30-in.  square  section,  without  any  appreciable  error. 
The  dead  weight  of  the  footing  will  be  taken  at  45,000  lb. 

The  required  area  of  footing  is  found  by  dividing  the  total 
load  by  the  safe  bearing  capacity  of  the  soil. 

655,000   _ 

(2^5)(2090)r^^^®^-^.^- 

We  shall  select  an  area  11  ft.  6  in.  square. 

A  common  construction  for  single  column  footings  is  shown  in 
Fig.  164.  After  deducting  the  area  of  the  column  base,  the  re- 
mainder of  the  footing  slab  is  considered  as  eight  cantilevers, 
four  running  parallel  to  the  sides  and  four  on  the  diagonals. 

Area  of  assumed  30-in.  square  column  =  6  sq.  ft.  approximately. 
132-6=  126  sq.  ft.,  net  area. 
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The  prts&:ire  on  one-fourth  of  this  net  area — that  is,  on  area 
ABCD,  Fig.  164 — may  be  assumed  to  be  carried  to  the  line  BC 
where  the  bending  moment  will  be  a  maximum.  The  distance 
out  from  BC  to  the  center  of  gravity  of  the  area  ABCD — distance 
X,  Fig.  165 — may  be  found  by  the  following  formula: 

2^3^ 


x  =  - 


a+c 


which  the  student  can  easily  verify.     In  the  problem  at  hand, 
x  =  2.74  ft. 

It  will  be  assumed  that  sufficient  accuracy  may  be  obtained  if 
we  consider  the  entire  load  of  2J  tons  per  square  foot  as  causing 


FiQ.  164. 


Fig.  165. 


moment  in  the  footing;  that  is,  the  weight  of  the  footing  beyond 
the  face  of  the  column  will  not  be  considered  as  opposing  the 
upward  thrust  of  the  earth.  Thus,  the  total  moment  acting 
around  the  entire  column  perimeter  is 

(126)  (2.5)  (2000)  (2.74)  (12)  =  20,700,00  in.-lb. 

With  /.  =  16,000,  /c  =  650,  and  n  =  15.  Table  2,  Volume  I, 
shows  p  =  0.0077  and  iC=  107.4 

iLT     E-j.^2       ^     xl^      xl    20,700,000         .^. 
M=X6d»ord  =  V^b=V(ro-7.T)(30y(4)=  ^^  ^^- 

We  shall  try  d = 40  in.  (least  depth  for  any  set) 

a,  =  pbd = (0.0077)  (30)  (4)  (40)  =  37  sq.  in. 
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This  total  amount  of  steel  will  be  divided  by  eight  in  order  to 
determine  the  amount  of  steel  in  each  band.  If  desired,  more 
rods  can  be  placed  parallel  to  the  sides  of  the  footing  than  in  a 
diagonal  direction.  In  this  design  six  1-in.  round  rods  will  com- 
pose each  set  of  rods. 

In  view  of  the  footing  tests  made  by  Prof.  Talbot  and  referred 
to  in  Art.  18,  it  would  seem  that  the  rods  need  not  all  pass  directly 
under  the  column.  In  fact,  if  the  width  of  bands  needs  to  be 
increased  in  order  to  cover  the  entire  area  of  the  footing,  it  would 
be  conservative  to  say  that  this  may  be  done  provided  that  the  in- 
crease in  the  width  of  each  band  is  not  great.  Until  more  tests 
have  been  made  along  this  line,  it  would  seem  wise  (especially  in 
footings  in  which  the  depth  decreases  toward  the  outer  edge) 
not  to  be  too  radical  in  the  design  of  such  important  structures 
as  footings.  Where  a  small  increase  in  the  width  of  bands  does 
not  suffice  to  cover  the  entire  area  of  footing,  a  few  short  cross- 
rods  may  be  employed  to  span  the  open  spaces.  Increase  in 
band  width  should  preferably  be  made  in  the  bands  parallel  to 
to  the  sides  of  the  footing  as,  in  these  bands,  the  lengths  of  the 
rods  do  not  change. 

It  should  be  noticed  that  the  diagonal  rods  have  a  greater 
length  subjected  to  cantilever  action  than  the  rods  parallel  to  the 
sides  of  the  footing.  Since  it  is  difficult  to  calculate  accurately 
the  stresses  in  a  square  footing,  it  does  not  seem  proper  to  attempt 
any  but  equal  division  of  moment  between  the  rods  in  the  different 
directions.  Some  designers  prefer  an  octagonal  shape  of  footing 
so  that  all  rods  will  have  approximately  the  same  length.  The 
rods  should  be  cut  from  2  to  4  in.  shorter  than  the  total  width  of 
footing,  but  if  desired,  the  rods  may  be  cut  considerably  shorter 
and  staggered  so  as  to  allow  for  the  decrease  in  bending  moment 
from  the  column  toward  the  edges  of  the  footing. 

The  above  method  of  finding  stresses  due  to  moment  may  be 
called  the  cantilever  method — that  is,  the  footing  is  figured  as  a 
free  cantilever.  It  should  be  clear  that  the  resulting  stresses 
in  a  symmetrical  footing  computed  by  this  method  are  hichcr  than 
actually  exist  since  the  resistance  in  a  circumferential  direc- 
tion is  disregarded.     (See  Art.  18.) 

The  thickness  of  the  footing  may  be  decreased  by  j\:Hgment 
toward  the  edges  without  reducing  the  effective  strtjigth.  In 
the  problem  at  hand,  the  depth  at  the  outer  edge  will  be  made 
12  in. 
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The  footing  tests  described  in  connection  with  the  discussion  of 
flat-slab  floors  show  that,  as  an  indication  of  the  tendency  to  diag- 
onal tension,  the  intensity  of  shearing  stress  should  be  computed 
on  a  section  at  a  distance  out  from  the  face  of  column  or  pier 
equal  to  the  depth  of  the  footing  to  the  steel. 

This  fact  does  not  appear  strange  when  it 
is  considered  that  column  action  or  diagonal 
compression  exists  for  some  distance  from 
the  face  of  the  pier.  For  example,  if  cracks 
should  tend  to  form  as  shown  in  Fig.  166, 
the  short  columns  between  the  cracks 
would  be  in  position  to  receive  direct  compression.  As  we 
know,  these  cracks  make  an  angle  of  approximately  45°  with  the 
horizontal.  A  somewhat  similar  condition  to  this  exists  at  the 
supports  of  flat-slab  floors.  If  properly  designed  for  continuity, 
continuous  beams  at  the  inner  supports  (and  the  end  supports. 


r^M^ 


FiQ.  166. 


FiQ.  167. 


if  fixed)  might  also  be  included,  but  the  ratio  of  span  of  beam 
to  depth  is  nuch  less  than  in  flat-slab  floors,  and  the  point  of 
inflection  is  •;!! -^^y  to  be  so  close  to  support  as  to  affect  any 
application  of  the  above  principle  in  the  finding  of  the  proper 
section   to   measure   diagonal    tension.     Until   we   have   more 
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experimental  data  along  this  line,  the  placing  of  stirrups  close 
to  the  supports  of  continuous  beams  should  continue  and  the 
maximum  shear  should  be  used  in  the  computations  for  stirrup 
spacing  at  these  points. 

Referring  to  Fig.  167,  it  should  be  clear  that  the  footing  in 
question  should  be  figured  for  shear  (as  measvuing  diagonal 
tension)  on  a  vertical  plane  through  the  footing  at  a  distance  of 
40  in.  from  the  face  of  the  column — as  in  EF,  for  example.  The 
reaction  of  the  soil  on  the  cross-hatched  area  is  what  causes  shear 
on  the  vertical  planes  through  EFGH. 

d'  =  40-Jfc  =  40-^^t'^'=16in. 
48 

Total  shear  on  EF=  F=  (^-^^Kli) ^^) (2000)^ ^  ^00  lb. 

60,000  _-,,  .    . 

"= (iioKoTsTSXYer^^  ^'  p^'  '^"^"'^  "'''^- 

Thus  the  footing  as  designed  needs  no  stirrups. 

Whenever  the  unit  shear  is  found  too  great  at  the  given 
distance  out  from  the  face  of  column,  the  plane  where  the  shear 
is  40  lb.  per  square  inch  should  be  found  by  trial.  Then  the 
area  requiring  stirrups  may  be  easily  determined.  Two-thirds 
of  the  unit  shear  on  EFGH  would  be  carried  by  the  steel,  and 
this  amount  multiplied  by  one-half  the  area  requiring  stirrups 
would  give  the  total  amount  of  tension  for  which  to  provide 
web  reinforcement.  This  total  tension  divided  by  the  tensile 
value  of  one  stirrup  would  give  the  number  of  stirrups  required. 

In  nearly  all  cases  a  slight  deepening  of  the  footing  at  the 
outer  edge  is  all  that  is  necessary  to  avoid  using  stirrups.  The 
placing  of  stirrups  is  troublesome  and  footings  should  be  designed 
so  that  web  reinforcement  will  not  be  needed,  if  this  can  be  done 
without  greatly  increasing  the  dimensions. 

The  bond  stress  along  the  horizontal  tension  rods  must  now 
be  investigated.     This  should  be  determined  or  a  ])l.'mo  passing 
through  the  face  of  the  column  and  caused  by  th*  load  on  the 
footing  area  exclusive  of  the  area  directly  below  the  -olumn. 
V  (126)  (2.5)  (2000)         ,„„  .     . 

Deformed  bars  are  advantageous  in  footings  becj  i  •  of  increased 
bond  strength.  A  good  type  of  deformed  bar  v  i  *arry  150  lb. 
per  square  inch  on  a  2000-lb.  concrete.     If  desire*',  "^S-J-in.  plain 
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»  = 


=  145  lb.  per  squiare  inch 


T 


Elevation 


round  rods  could  be  employed  in  each  direction  in  the  footing 
design  under  discussion,  but  this  arrangement  gives  a  great  deal 
more  steel  than  is  needed  for  moment. 

The  punching  shear  on  a  column  footing,  on  an  area  equal  to 
the  perimeter  of  the  column  times  the  depth  to  the  steel,  should 
not  exceed  the  allowable  value.  In  the  problem  at  hand: 
(126)  (2.5)  (2000) 
(4)(30)(a875)(41.5) 
which  is  high  but  will  be  considered  satisfactory  here  in  order  not 
to  confuse  the  text  by  changing  the  footing  depth.  A  value  of 
120  lb.  per  square  inch  is  per-  i     ,         , 

missible  for  punching  shear. 

Where,  on  account  of  soil 
conditions,  a  greater  depth  is 
needed  below  the  basement  floor 
than  that  required  for  the  foot- 
ing, the  pier  or  column  between 
the  top  of  the  footing  and  the 
basement  floor  should  be  flared 
in  a  similar  manner  (but  in- 
verted) to  the  flare  in  columns 
just  below  flat-slab  floors,  as  by 
so  doing  the  bending  moment 
and  shear  on  the  footing  may 
be  decreased.  This  should  be 
clear  from  the  discussion  on 
flat-slab  floors. 

Tests  have  shown  (Art.  18) 
that  it  makes  little  or  no  differ- 
ence whether  rods  in  a  footing 
are  placed  in  two  or  in  four 
directions.  If  employed  in  two 
directions,  the  two  sets  of  rods 
should  be  placed  at  right  angles  to  each  other  and  should  lie 
parallel  with  the  sides  of  the  footing.  Each  set  should  be  dis- 
tributed over  a  distance  somewhat  larger  than  the  diameter 
of  the  base  of  colimm.  Extra  rods  will  usually  be  needed  by 
this  method  in  each  direction  between  the  end  rods  of  each  set 
and  the  sides  of  the  footing.  The  spacing  of  these  rods  may 
very  well  be  made  double  that  which  is  employed  directly  below 
the  column. 


Plan 
Fig. 


168. 
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The  complete  design  is  shown  in  Fig.  168. 

A  single  symmetrical  column  footing  may  be  considered  as  a 
flat  slab  loaded  by  the  uniformly-distributed  upward  pressure 
of  the  soil  and  fixed  rigidly  to  the  column.  The  formulas  given 
in  Art.  18  for  a  circular  plate  may  be  applied  to  a  square  footing 
without  appreciable  error.  The  radii  to  be  used  in  the  formulas 
are  the  averages  of  the  radii  of  the  circumscribed  and  inscribed 
circles.     In  the  problem  we  are  considering 

^/^n,5+(l^)(11.5)^6.93ft. 

4  To 

From  the  table  of  Art.  18, 

fti  =  12.61 

Then 

JJf  =  (2.5)(2000)(1.51)2(12.61)  =  144,000  in.-lb.   per  inch  of 
circumference. 

Total  moment  around  the  column  base 

JJf  =  (144,000)(2)(3.142)(1.51)(12)  =  16,400,000  in.-lb. 

This  total  bending  moment  by  the  flat-slab  method  is  only  about 
four-fifths  of  that  given  by  the  cantilever  method. 

The  remainder  of  the  computations  by  the  flat-slab  method 
will  not  be  worked  out,  since  they  would  be  similar  in  every 
respect  to  the  computations  previously  given. 

Problem 

11.  Using  1-in.  round  deformed  rods,  design  a  single  square  footing  to  sus- 
tain the  load  determined  in  Problem  10.  Allowable  pressure  on  the 
soil  is  2  tons  per  square  foot.  Employ  theivorking  stresses  recommended 
by  the  Joint  Committee  for  a  2000-lb.  concrete  and  medium  steel. 
Design  completely  by  the  cantilever  method  and  compare  the  bending 
moment  thus  determined  with  the  bending  moment  from  the  flat-slab 
method. 

Design  of  Footing  for  Wall  Column 

Design  a  single  rectangular  footing  to  support  a  wall  column 
carrying  a  load  of  400,000  lb.  Consi(K*i  Mu-  column  rectangular 
in  shape  with  dimensions  24  in.  by  38  in.     A  1 :  1^ : 3  concrete  with 
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medium  steel  will  be  employed  and  the  safe  bearing  capacity  of 
the  soil  will  be  taken  at  2|  tons  per  square  foot. 

The  dead  weight  of  the  footing  will  be  assumed  at  25,000  lb., 
making  a  total  load  on  the  soil  of  425,000  lb. 


425,000 

(2. 5)  (2000) 


=  85  sq.ft. 


We  shall  spread  the  base  of  the  footing  to  cover  a  rectangular 
area  of  9  ft.  8  m.  by  8  ft.  6  in. , 

Since  this  footing  design' will  be  used  later  on  in  the  design  of 
a  three-story  building,  it  might  be  well  to  describe  here  the 
reinforcement  in  the  column.  A  l:lj:3  concrete  will  permit  a 
compressive  strength  in  the  concrete  of  560  lb.  per  square  inch. 
Allowing  li  in.  on  all  sides  for  fire  protection,  a  plain-concrete 
colunm  of  the  same  dimensions  would  carry  a  total  load  of 


^v 

/ AreayC 

■        % 

Area  A 
njsq.fr. 

.^9 

^4 

/ 

Area  'B' 
20.9  sq.i 
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—  9''8' >- 

Fig.  169. 


412,000  lb.  (If  there  is  no  possibility  of  the  erection  of  an  ad- 
jacent building,  a  H-in.  protective  covering  need  not  be  pro- 
vided on  the  outside  of  the  column.)  Thus,  no  vertical  steel  is 
theoretically  required.  The  three-story  building  to  be  designed 
later  will  cover  considerable  ground  area  and  will  be  square 
in  shape.  Thus  wind  stresses  will  not  be  considered.  It  is 
possible  to  compute  the  stress  due  to  eccentric  loading  (as  will 
be  explained  in  Chapter  XIV),  but  the  computations  are  long 
and,  in  order  not  to  make  this  treatment  too  complex,  the 
assumption  will  be  made  that  eight  1-in.  round  rods  will  give 
ample  provision  in  this  respect.     Hoops,   f-in.  rounds,  will  be 

16 
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placed  12  in.  apart  the  entire  height  of  the  column.  The  ver- 
tical rods  will  rest  upon  steel  plates  3  in.  square,  which  will 
distribute  the  compression  from  {he  steel  to  the  concrete.  Rods 
will  be  made  to  lap  above  each  floor. 

Let  the  areas  and  distances  out  from  the  face  of  the  colimm  to 
the  centers  of  gravity  of  these  areas  be  as  represented  in  Fig.  169. 
Also  let  it  be  assumed  as  in  the  preceding  design  that  the  weight 
of  footing  beyond  the  edge  of  the  column  need  not  be  considered 
as  opposing  the  upward  thrust  of  the  earth.  Then  we  have  the 
following  (see  preceding  design) : 


Sir 


'^ff%fff^Mf^ 


.JsL. 


^'rffi  iiftl  X 


W^jTfiWW^fi^ti^im 


— X 


FiQ.  170.' 


Xa"^ 


2+3.25 


^1.96  ft. 


^B^ 


<'"f -'''+1(3.25). 


=  1.90  ft. 


3.17+3.25 

Ma  =  (17.1)(2.5)(2000)(1.96)(12)  ^^ 2,010,000  in.-lb. 
Mb  =  (20.9)(2.5)(2000)(1.90)(12)  =2,380,000  in.-lb. 

,         /  2,010,000      „„  ^  . 

'^^  =  V(107T4)(24)=28-0'n-       ' 

,         ;' "2^380,000      „ ,  „  . 
'^^  =  V(I07.4)(3-8)=2'-''"- 
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The  depth  of  the  footing  is  controlled  by  the  moment  of  the  A 
areas,  and  the  rods  in  the  longitudinal  direction  will  be  placed 
28  in.  down  from  the  top  of  the  footing  and  3  in.  from  the  bottom 
— making  a  total  depth  of  footing  of  31  in.  The  rods  in  a  cross- 
wise direction  will  be  placed  on  top  of  the  longitudinal  rods. 
(See  Fig.  170.) 
Longitudinal  direction: 

as  =  (0.0077)  (24)  (28)  =5.2  sq.  in. 
Nine  J-in.  roimd  rods  O.K. 


y= 


(91)(11)(2.5)(2000) 


u  = 


144 
34,800 

^■■(80)'(0.875)(15.3) 

(17.1)(2.5)(2000) 
(9)(2.75)"(0.875)(28) 


=  34,800  lb. 


=  33  lb.  per  square  inch. 
=  141  lb.  per  square  inch. 
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Fig.  171. 


J' 


Crosswise  direction: 


^,    2,380,000    ^^^ 
if=  /oowo^xo  =86.0 


(38)(27)^ 
V  =0.0061 
a.  =  (0.0061)  (38)  (27)  =6.3  sq.  in. 
Eleven  |-in.  round  rods  O.K. 
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144 
40,000  „.  ,,  .     , 

''  =  (94)(0.875)(14.3)  ^^^  '^-  ^^'  ^""^^  ''*"^- 
(20.9)(2.5)(2000)        ,,, ,.  .     . 

"=riT)(2. 75)(0. 875)(27)  =  ^^^  ^^-  ^'  ^""^'^  '''''^- 

A  good  type  of  deformed  rod  will  be  employed.  Punching  shear 
is  not  much  more  than  the  allowable.  The  complete  design  is 
shown  in  Fig.  171. 


Problem 

12.  Design  a  wall  column  footing  to  sustain  a  rectangular  column  24  in.  by 
36  in.,  carrying  400,000  lb.  Take  the  allowable  pressure  on  the  soil 
at  2  tons  per  square  foot.  Use  1-in.  round  d^ormed  rods  and  employ 
the  working  stresses  recommended  by  the  Joint  Committee  for  a 
2000-lb.  concrete  with  medium  steel  reinforcement. 


48.  Combined  Column  Footings. — It  is  sometimes  necessary 
to  support  a  column  on,  or  very  near,  the  edge  of  a  property  line 
in  order  not  to  encroach  upon  adjacent  property.  In  such  a 
case  a  single  symmetrical  footing  cannot  be  used.  The  nearest 
interior  column  is  usually  selected  and  a  combined  footing 
constructed  under  both  columns.  Sometimes  a  combined  footing 
will  include  more  than  two  columns.  The  following  problem  in 
design  will  show  the  general  manner  of  determining  the  shape  of 
such  footings,  also  the  necessary  depth  and  Amount  of  steel. 

Design  of  Combined  Footing 

Design  a  combined  footing  for  columns  1  and  2,  Fig.  172. 
Column  1  is  20  in.  square  and  sustains  a  load  of  280,000  lb. 
Column  2  is  24  in.  square  and  sustains  a  load  of  380,000  lb. 
Distance  between  centers  of  columns  is  14  ft.  Consider  that  a 
soil  pressure  of  3  tons  per  square  foot  is  somewhat  below  the 
safe  bearing  capacity,  so  that  the  dead  weight  of  footing  need 
not  be  considered.  Assume  a  2000-lb.  concrete  with  medium 
steel  reinforcement. 

The  design  of  combined  footings  consists  in  constructing  a 
base,  the  center  of  gravity  of  which  coincides  with  tho  center  of 
gravity  of  the  two  unequal  loads.     In  addition,  tli »  i  <  se  must 
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have  suflBcient  area  so  that  the  allowable  pressure  on  the  soil 
will  not  be  exceeded. 

Load  on  column  1  =  280,000  lb. 

Load  on  column  2  =  380,000  lb. 

Total     =660,000'lb. 

660,000 


6000 


=  110sq.  ft. 


The  lengths  of  the  parallel  sides  are  unknown  and  two  equations 
will  be  needed  to  solve.  First  equation  may  be  obtained  from 
the  formula  that  the  area  of  a  trapezoid  equals  the  average  of  the 
sum  of  the  parallel  sides  multiplied  by  its  length.  The  second  equa- 
tion may  be  found  from  the  principle  stated  above — that  the  center 
of  gravity  of  the  trapezoid  must  coincide  with  the  center  of 
gravity  of  the  combined  column  loading.  This  must  be  so  in 
order  that  the  pressure  on  the  soil,  and  the  consequent  settling 
(if  any),  may  be  uniform — also  to  prevent  dangerous  transverse 
stresses  in  the  columns. 


or 


Area  of  footing  =  ^'^'*'(16.83)  =  110  ■ 

61+62=13.07 

,      ^  _     280,000,...     .^. 

^^■"^•^  =  660,000(^^^^^'®^ 

ti  =  7.44ft. 


(1) 


Using  the  common  equation  for  the  center  of  gravity  in  a  trape- 
zoid (Cambria  Handbook) 


i 


y 
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Solving  equations  (1)  and  (2)  for  6i  and  bt 

6i=8.82ft.,  and  6t= 4.25  ft. 
To  find  the  necessary  depth  of  footing  and  amount  of  steel  re- 
quired, we  must  find  the  section  of  maximum  moment  (which  is 
the  section  of  zero  shear)  and  then  determine  the  center  of  gravity 
of  the  area  to  one  side  of  this  section  as  an  aid  in  finding  the  value 
of  this  maximum  moment* 

[8.82  ?«-^2y(^8l)  ^^]6000=380,00p 

12-0.0164  IS =7. 18 

^2  =  8.22  ^ 
And  by  trial, 

&i-62=8.82-4.25  =  4.57 

b8:^62_16.83-8.22 
4.57  "■       16.83 

63-62=2.34 

63=2.34+4.25  =  6.59c^ 

1  ^b    6it26i_8.22    6^+2(8.82|_ 

^'~  3  *  63+61  ~    3     *     •.59+8.82    ^^-^^^ 

We  can  now  compute  the  value  of  the  maximum  moment. 
Jlf=380,000  (8.22-1.5-4!Sl)  =915,800  ft.-lb. 
or  ilf  =  (915,800)  (12)  =  10,989,600  in..lb.  / 

The  moment  for  1  in.  of  width  along  the  line  of  maximum 

10  989  600 
moment,  ^=/6'kqwT2V"139,000  in. -lb.    The  footing  must  be 

considered  as  an  inverted  beam  at  this  section^  and  the  required 
depth  and  the  area  of  the  steel  may  be  computed  by  the  usual 
methods. 

If  the  moment  had  been  taken  about  a  line  through  the  center 
of  gravity  of  the  entire  trapezoid,  the  result  would  be  133,000 
in.-lb.,  or  an  error  of  only  about  2.2  per  cent.  This  approxi- 
mate solution  is  often  used  in  practice  as  the  error  is  small. 

From  Table  2,  Volume  I,  i?:  =  107.4  and  p  =  0.0077  for  the 
stresses  as  recommended  by  the  Joint  Committee. 

p"9,o6o 


107.4  =36-0  in. 

a.  =  (0.0077)(12)(6.59)(36)=21.9  sq.  in.  for  the  whole  width. 

Referring  to  Table  1,  eighteen  IJ-in.  round  rods  will  be  needed. 

The  bond  stress  along  the  main  tension  rods  mu3t  now  be  in- 


Lf^ 


Mi 
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veetigated.    The  maximum  shear  comes  from  column  2  and 
equals  380,000  lb. 

Assuming  that  deformed  rods  are  used,  then  the  number  of  rods 
required  for  bond  will  be  (assuming  u  =  160) 

V  380  000 

"=  2ojd'  °'"  ''"'"^«''  ^^  ""^^  =  (3.93)(0.874) (36)(150)  =  ^^ 
Thus  bond  controls  the  number  of  horizontal  rods  required  and 
21  rods  will  be  employed.     (See  Fig.  173.) 


Sfrrr-t/ps  arw  amtcMdfo  ^pper  hfJ^^A^r^J^^ 


et 


:r/rrups  S  i/recicf^  row 
rods  ^ 


in 


"vSi-'-^ — I 1- 


*/5  ^ 


t€om 


_i s: 


<y-/'^-  -^i'c  ;t?c         '  J'^'atsout  22'c.foc        ^-f^  Z^'c  foe 
Fig.  173. 

Transverse  reinforcement  should  be  provided  to  prevent  bend- 
ing of  the  projections  of  the  footing.  Considering  column  2,  the 
width  of  distributing  beam  will  be  taken  at  3  ft.  Now  the  load- 
ing for  which  this  cantilever  should  be  designed  is  equal  to  one- 

g  g2 2 

half  of  the  column  loading  multiplied  by    ,.  ^^    '    '^^^  mtment 

arm  equals  one-half  of  the  length  of  the  projection,  and 
^,     /380,000\  /8.82-2\  /3.41\  ,,^,     ^  ^,^  ^^  .     ,, 
^=  (      2      )  (    8. 82   )  (    2  -)  (12)  =3,010,000  m.-lb.   - 


3,010,000 

(i<)7.4)(3.0)(i2) 
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The  depth  is  smaller  than  the  depth  of  the  whole  slab  and,  since 
a  greater  depth  is  used,  the  percentage  of  steel  Is  found  as  follows: 

M_   3^010,000 -,  - 

^~bd^~  (36) (36) (3627 

From  Table  3, 

p= 0.0045 
Then, 

a,  =  (0.0045)  (36)  (36.0)  =  5.84  sq.  in.  ^ 

Referring  to  Table  13,  fourteen  f-in  round  rods  will  be  needed. 

In  the  same  manner,  the  distributing  reinforcement  for  column 
1  is  determined. 

,-     /280,000\  /4.25-1.67\  /1.29\,,-,     „,q^„.     ,. 
^=(    '2')V    4:25      )(    2   )  (12)  =  658,000  m.-lb. 

658,000 


'-4 


(107.4)(36)""^-^^''^- 


Since  the  depth  of  the  whole  slab  must  be  used,  the  necessary 
percentage  of  steel  is  found  as  above. 

M_^  658,000^ 

Only  about  0.1  per  cent  of  steel  is  required  and  three  f-in. 
round  rods  will  suffice. 

It  sometimes  happens  that  the  required  depth  of  the  distribut- 
ing beam  may  be  larger  than  the  depth  of  the  whole  slab.  In 
such  cases  the  footing  may  have  an  increased  thickness  under  the 
column  or  else  steel  may  be  introduced  at  the  top  and  bottom. 
Double  reinforcement,  however,  should  not  be  employed  when 
excavation  can  readily  be  made. 

The  bond  stress  along  the  rods  of  the  distributing  beams  must 
now  be  investigated.  Considering  the  beam  under  column  2, 
the  maximum  shear  is. 

/380,000\  /8.82-2.0\      ,,^  ^^  ,, 
V-2      )(     8.82     )=  147,000  lb. 

Assuming  that  deformed  rods  are  used,  then  the  number  if  rous 
required  for  bond  will  be  (m  =  150) 

V  u       f     A  147,000  ,, 

"=  lojd''''  ''"•°^^'"  °^  ™^  =  (2.36)'(0.898)T36)(150)"  ^^ 
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Thus  the  number  determined  for  moment  controls.  In  a  similar 
manner,  8  rods  are  needed  in  the  distributing  beam  under  column 
1  but  in  this  latter  case  the  number  is  greater  than  that  required 
for  moment. 

Fig.  173  shows  the  spacing  of  the  transverse  reinforcement. 
Steel  should  be  introduced  between  the  end  distributing  beams 
about  24  in.  center  to  center  in  order  to  make  the  footing  more 
rigid  and  more  capable  of  directly  transmitting  the  loads. 

Certain  assumptions  must  be  made  in  order  to  determine  the 
amount  of  reinforcement  required  for  diagonal  tension,  but  the 
assumptions  which  will  be  made  will  be  at  least  on  the  safe  side. 
Referring  to  Fig.  174  it  will  be  assumed  that  the  shear  at  the 
section  mn  is  due  to  the  load  from  column  2  minus  the  pressure 


on  the  soil  over  the  area  mrsn.  Web  reinforcement  is  not  needed 
in  the  distributing  beams,  as  each  distributing  beam  and  column 
has  a  similar  load  to  that  of  a  single  footing,  and  for  such  footings 
we  know  that  the  intensity  of  shearing  stress,  as  measuring  diag- 
onal tension,  may  be  computed  on  a  section  at  a  distance  out 
from  the  face  of  colunm  equal  to  the  depth  of  the  footing  to  the 
steel.  In  a  longitudinal  direction,  however,  shear  should  be 
computed  on  a  section  close  to  the  support,  as  mriy  Fig.  174, 
since  in  this  direction  the  tension  steel  is  at  the  top  of  the  footing 
and  cracks  may  open  up  in  the  web  as  in  simple  beams. 

In  order  to  determine  the  number  of  stirrups  required  in  a 
longitudinal  direction  at  column  2,  it  will  be  necessary  to  find 
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the  section  where  the  shear  is  40  lb.  per  square  inch.  This  sec- 
tion may  be  determined  approximately  as  follows  (Fig.  174) : 

(6.59)(g)6000)  =  (36)(6.59)(12)(40)(J) 
g  =  2.5ft. 

This  value  is  sufficiently  accurate  for  all  practical  purposes.  If 
desired,  the  distance  q  may  be  determined  by  trial  and  by 
scaling  from  an  accurate  drawing  of  the  trapezoid.  The  distance 
mn  =  8.14,  determined  directly  by  scaling.  Also,  in  the  same 
manner,  5s'  =  7.26.     At  mn  the  unit  shear  is 

380,000- (8. 14) (2. 5) (6000)  '    ,  ,^  .     , 

(8.14)(3"6)(12)(i)  =84  lb.  per  square  mch.      - 

The  total  shear  to  be  taken  by  vertical  stirrups  is 

Using  J-in.  round  rods,  the  number  of  single  stirrups  required  is 

79,000        _ 
(16,000)  (0. 196)  ""^^ 

The  spacing  is  given  in  Figs.  173  and  174  (27  stirrups  shown). 
In  a  similar  manner  the  number  of  stirrups  may  be  determined 
at  column  1. 

The  loads  beyond  the  centers  of  the  columns  in  a  longitudinal 
direction  cause  negative  moment  at  the  supports;  that  is,  the* 
load  to  the  left  of  column  1  and  to  the  right  of  column  2  cause 
tensions  in  the  bottom  of  the  footing  at  the  sections  AB  and  CD 
respectively  (Fig.  172).  This  tension,  however,  does  not  ex- 
ceed the  tensile  strength  of  the  concrete.  At  column  1,  using 
the  flexure  formula  given  in  Art.  29,  Volume  I 

My    (8.82)(1.6)(6000)(9)(18)(12)     ^«  lu   ___,,,  :„,), 
^"^   I  ^  (8.41)(12)(36)«  =33  lb.  per  square  mch. 

A  few  rods  4  ft.  long  will  be  placed  at  the  bottom  of  footing  across 
the  sections  AB  and  CD  in  order  to  provide  for  any  possible 
defects  in  the  bed  of  the  foundation. 

There  is  ample  provision  for  pimching  shear  around  the 
columns. 

Whenever  it  becomes  necessary  to  employ  a  combined  footing 
which  will  include  two  columns  carrying  practically  the  same 
load,  then  an  inverted  T-beam  will  answer  and  the  method  of 


FOUNDATIONS  237 

design  shown  in  the  illustrative  problem  following  Art.  62, 
Volume  I,  should  be  used. 


Problem 
13.  In  Fig.  173  consider  a  load  of  200,000  lb.  on  column  1  and  a  load  of 
300,000  lb.  on  column  2.  Take  a  distance  of  15  ft.  between  the  centers 
of  columns.  Design  the  combined  footing  considering  an  allowable 
pressure  on  the  soQ  of  2  tons  per  square  foot.  Use  the  working  stresses 
as  recommended  by  the  Joint  Committee  for  a  2000-lb.  concrete  and 
medium  steeL 


49.  Cantilever  Construction. — The  cantilever  type  of  con- 
struction may  be  employed  in  place  of  a  combined  footing  imder 
the  usual  conditions;  that  is,  when  encroachment  upon  adjacent 
property  must  be  avoided  and  when,  at  the  same  time,  it  becomes 
necessary  to  make  use  of  the  land  close  to  the  property  line.  In 
cantilever  construction,  the  wall-column  footing  and  the  footing 
of  the  nearest  interior  column  are  connected  by  a  beam  or  strap, 
and  this  strap  is  extended  so  as  to  support  the  wall  column. 
To  save  excavation,  the  top  of  the  strap  is  usually  placed  at  the 
same  level  as  the  tops  of  the  footings. 

Design  of  Footings  in  Cantilever  Construction 

Let  us  assume  the  size  of  columns  and  column  loading  as 
shown  in  Fig.  175.  The  distance  from  the  center  of  interior 
column  to  the  property  line  will  be  made  12  ft.  and  the  outer 
edge  of  the  wall  column  will  be  placed  on  the  property  line. 
In  addition  to  the  above,  we  shall  consider  that  piles  are  necessary 
and  that  it  is  not  feasible  to  drive  such  piles  closer  than  2  ft. 
apart  in  any  direction.  The  safe  bearing  capacity  of  each  pile 
will  be  taken  at  10  short  tons.  The  working  stresses  as  recom- 
mended by  the  Joiiit  Committe  for  a  2000-lb.  concrete  and  medium 
steel  will  be  adopted. 

Approximate  figuring  shows  that  about  12  piles  will  be  needed 
under  the  wall  footing,  and  18  piles  under  the  interior  footing; 
that  is,  if  the  center  of  the  wall  footing  is  placed  about  as  shown 
in  Fig.  176.  Knowing  the  number  of  piles  required,  the  shape 
of  the  footings  may  be  easily  determined.  The  arrangement 
shown  for  the  piles  insures  a  spacing  of  at  least  2  ft.  in  every 
direction. 

On  account  of  cantilever  action,  the  uplift  on  the  interior 
column  may  be  due  to  the  combined  live  and  dead  load  of  the 
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wall  column,  but,  since  the  live  load  may  not  always  be  present, 
the  uplift  from  the  dead  load  only  should  be  considered.     Dis- 
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Fro.  175. 


regarding  the  strap  weight  to  the  right  of  the  center  of  wall  foot- 
ing, this  uplift  is 

(130,000)  (2 .  33)  -  (1200)  (9)  (4 . 5) 
9.00 


=  28,000  lb. 
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The  strap  will  now  be  designed  for  the  total  live  and  dead  load 
on  ^e  exterior  column  since  this  loading  gives  maximum  con- 
ditions.   The  total  load  on  the  wall  footing  is 

(175j000Kll.33)+(1200)(12)(6) 
9.00 


=  230,700  lb. 


The  uplift  on  the  interior  column  may  be  found  in  a  similar 
manner  to  that  for  dead  load  only,  or  more  accurately  (taking 
moments  about  the  outer  edge  of  the  wall  column) 
(230,700)  (3 .00)-  (175,00q)(0 .  67^-  (J200)  (12)  (6) 
12.00 


=  40,700  lb. 
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The  loads  on  the  strap  are  shown  in  Fig.  176.     The  maximum 
moment  occurs  where  the  shear  is  zero,  or  accurately  enough, 
(175,000)(6)_ 
230,700     -^•^^^• 

from  the  outside  edge  of  wall  column. 

(oof)  7no\ 
g      )  (4.5)(2.25)  =  281,000  ft.-lb. 

=3,372,000  in.-lb. 
Then,  assuming  6  =  39  in.. 


'  =  \/( 


3,372,000 


=  28J  in. 


f  (107. 4)  (39)' 

The  shear  in  the  strap  at  the  inside  edge  of  wall  column  should 
not  exceed  120  lb.  per  square  inch  with  an  effective  system  of  web 
reinforcement.     This  is  due  to  the  fact  that  tension  exists  in  the 
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upper  portion  of  the  strap;  in  orther  words,  the  inward  spread 
of  the  wall-column  load  will  not  aid  to  any  appreciable  extent 
in  reducing  the  tendency  to  fail  through  diagonal  tension.  For 
the  dimensions  determined  for  moment 


(175,000)- f-Y«)(1.33) 


(39)  (0.876)  (28. 5) 
123  900 
=  (39)(0.875)T28.5)  =  ^2^  '^-  P^r  square  inch. 

The  strap  will  be  deepened  so  that  d>=30  in.  and  total  depth 
=  32  in.  Stirrups  will  be  needed  from  the  inner  edge  of  the 
exterior  column  to  a  point  3.5  ft.  from  the  property  line  where 
the  shear  becomes  40  lb.  per  square  inch.  Triple-looped  §4n. 
round  stirrups  will  be  employed  and  these  will  be  spaced  6  in. 
on  centers,  or 

_3     aj,jd_3     (6)(0.196)(16,000)(0.875)(30) 
^~2  •     V    "2  '  123,900  "^''^• 

The  unit  shear  at  the  inner  edge  of  wall  footing  is 
(40,700) +  (1200)  (6)      ..„  .     . 

(39)(0:875)(30)     =^^  ^^'  per  square  mch. 

Two  triple-looped  §-in.  roimd  stirrups  placed  just  to  the  left  of 
this  point  will  make  the  design  satisfactory. 

The  number  of  horizontal  rods  will  now  be  determined. 

3,372^000  _.„ 

p  =  0.0069 
a.  =  (0.0069)  (39)  (30)  =8.1  sq.  in. 

Fourteen  |-in.  round  deformed  rods  O.K. 
123  900 
"=  (14)(2.75)(0. 879)(30)  =  ^^  ^^-  ^^'  «^""«  '°''*'- 

The  horizontal  tension  rods  should  have  a  sufficient  length  for 
straight  bond  on  each  side  of  the  section  of  maximum  moment. 
In  the  problem  at  hand,  if  deformed  bars  are  assumed  having  a 
bond  strength  of  at  least  150  lb.  per  square  inch,  then  27  diameters 
or  24  in.  is  sufficient.  It  is  advisable,  however,  in  a  construction 
of  this  kind  to  bend  the  ends  of  the  rods  as  shown.  Alternate  rods 
may  stop  oflf  at  10  ft.  from  the  property  line,  which  is  about  6  in. 
beyond  the  point  where  they  are  no  longer  needed  in  tension. 
The  interior  footing  may  be  designed  in  the  same  manner  as 
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explained  in  Art.  47,  except  that  in  this  problem  we  have  the 
moment  from  concentrated  loads  instead  of  from  uniform  loads. 
M  =^  (80,000)  (2 .  37)  (2)  +  (20,000)  (0 .  62)  (2)  +  (20,000)  (1 .  87)  (2) 
+  (40,000)  (0.87)  (2) 
=548,400  ft.-lb.,  or  6,581,000  in.-lb. 
The  depth  to  steel  will  be  made  30  in.  in  order  to  provide  properly 
for  the  strap.     Web  reinforcement  is  not  needed. 
_,_  6,581,000  __ 
*~(27)(4)(30)*~''* 
p  =  0.0048 
a,  =  (0.0048) (27) (4) (30)  =  15.6  sq.  in. 

The  steel  will  be  placed  in  two  directions.  Thus,  for  moment, 
3.9  sq.  in.  or  seven  J-in.  round  rods  will  be  needed  in  each  band. 
Let  us  now  determine  the  number  of  J-in.  round  rods  in  each  set 
that  will  be  required  for  bond. 

(16)  (20,000) 

"=  lojd'  ''''''"°^''^''^^'"°^=(150)(2.75)(0.895)(30)  =  ^ 
This  number  controls. 

The  weight  of  footing,  as  designed,  deducting  the  weight  of 
strap  already  considered,  is  approximately  22,000  lb.  This 
gives  a  total  pressure  on  the  piles  of  360,000+22,000-28,000  = 
354,000  lb.  Thus  the  number  of  piles  was  correctly  chosen.  In 
this  design  there  is  no  danger  of  failure  by  direct  shear  above  the 
tops  of  the  piles  as  for  this  kind  of  shear  about  one-half  the 
compressive  strength  of  the  concrete  may  be  allowed.  There  is 
also  no  danger  from  punching  shear  around  the  base  of  the 
column. 

The  footing  under  the  wall  column  acts  as  a  simple  cantilever. 
The  moment  on  each  edge  of  strap 

Jlf  =  (60,000)  (17)  =  1,020,000  in.-lb. 
As  in  the  interior  footing,  the  depth  to  steel  will  be  made  30  in. 

1,020,000__ 

^""(72)(30)2~^^ 

p  =  0.0011 
a,  =  (0.0011)  (72)  (30)  =2.4  sq.  in. 

Twelve  i-in.  round  deformed  rods. 

60,000  ^_,,  .     , 

^  =  (12)(1 . 57)(0. 93)(30)  =  ^ ^^  ^^'  ^^'  "^^^'^  ^^"^- 
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A  few  cross-rods  will  also  be  employed  to  better  distribute  the 
load. 

The  weight  of  wall  footing  deducting  the  weight  of  strap  is 
approximately  10,000  lb.,  giving  a  total  pressure  on  the  piles  of 
230,700+10,000  =  240,700  lb.,  or  almost  exactly  10  tons  per  pile, 
as  planned. 

It  is  generally  considered  good  practice  to  lay  the  concrete 
directly  upon  the  heads  of  the  piles.  The  ground  is  usually 
•excavated  around  the  piles,  the  depth  depending  upon  soil 
conditions,  and  then  a  layer  of  broken  stone  is  spread  and 
rammed  before  the  concrete  is  laid.  The  supporting  power  of 
the  soil  between  the  piles  is  thus  utilized. 


Problem 

14.  Design  a  cantilever  type  of  construction  for  the  conditions  of  Problem 
13  using  piles  with  an  aUowable  load  of  20,000  lb.  per  pile. 


60.  Raft  Foundations. — The  raft  foundation  in  building 
construction  may  be  considered  as  an  extension  of  the  single  or 
combined  footing  until  the  foundation  covers  at  least  a  con- 
siderable, if  not  the  entire,  area  of  the  building.  Its  use  is  limited 
to  sites  where  the  allowable  pressure  on  the  soil  is  very  small  or 
where  the  building  is  supported  by  piles  sustained  by  friction. 

Raft  foundations  may  be  divided  into  the  following  three 
general  classes: 

1.  Flat  slabs  of  plain  or  reinforced  concrete. 

2.  Beams  or  girders  with  a  slab  underneath. 

3.  Beams  or  girders  with  a  slab  on  top. 

A  flat-slab  foundation  may  be  designed  in  the  same  manner 
as  a  flat-slab  floor  using  either  of  the  methods  described  in 
Art.  18.  The  foundation  is  considered  as  an  inverted  flat  slab 
loaded  by  the  reaction  of  the  ground  and  supported  by  the  col- 
umns. The  column  base  should  be  made  large  enough  to  prevent 
excessive  moments  and  shears  in  the  concrete. 

Fig.  177  shows  a  design  of  a  raft  foundation  of  the  second  class. 
The  action  of  forces  is  exactly  as  in  an  inverted  floor  and  calls  for 
similar  treatment  in  designing.  As  compared  with  Class  3, 
Class  2  permits  a  T-beam  design  but,  on  the  other  hand,  requires 
an  extra  fill  and  separate  floor  surface  in  the  basement. 
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61.  Examples  of  Column  Footings. — Fig.  178  shows  a  design 
of  a  single  footing  for  the  typical  interior  columns  of  a  factory 
building  for  the  Bradley  Knitting  Co.,  Delavan,  Wis.  The 
design  of  the  top  of  footing  should  be  noted. 

Fig.  179  is  an  example  of  a  combined  footing  employed  in  an 
automobile  depot  in  Boston. 
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Fig.  177. 


Fig.  180  is  a  special  foundation  of  novel  design  used  in  the 
Garage  Building  of  the  Decanville  Automobile  Co.,  New  York 
City. 

Figs.  181A  to  181E  inclusive  show  an  interesting  foundation 
arrangement  employed  in  a  storehouse  for  the  Winchester 
Repeating    Arms    Co.,    New    Haven,    Conn.     The    combined 

17 
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footings  and  the  cantilever  footings  for  the  bearing  walls  should 
be  noted.  The  building  was  designed  for  a  pressure  of  6000  lb. 
per  square  foot  on  the  earth  under  the  foundations.  The  entire 
wall  and  footing  arrangement  will  be  considered  more  in  detail 
in  Art.  53. 
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62.  Concrete  Piles. — Reinforced-concrete  piles  are  usually 
employed  where  wooden  piles  would  be  subject  to  decay  or  to 
destruction  by  the  action  of  marine  worms.  They  may  be  used 
generally  under  the  same  conditions  as  wooden  piles,  but  are 
especially  advantageous  for  foundations  on  land  where  the  per- 
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manent  ground  water  is  at  a  considerable  depth.  Wooden 
piles  must  be  cut  off  under  water  as,  when  subjected  to  an 
atmosphere  which  is  alternately  wet  and  dry,  they  will  decay. 
This  is  unnecessary  with  concrete  piles,  and  foundations  under 
such  conditions  need  not  start  so  low  as  would  be  the  case  if 
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timber  piles  were  employed.  Concrete  piles  cost  somewhat  ^ore 
than  timber  piles,  but  imder  many  circumstances  the  saving,  in 
foundation  material  and  in  excavation  will  more  than  offset  the 
extra  cost  of  the  concrete  pile. 

Reinforced-concrete  sheet  piling  is  sometimes  used  when  it  is 
desirable  to  leave  it  in  place  as  a  part  of  the  permanent  structure. 
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Part  Foundation  Plan 
Ficj.  181  A. — Winchester  Repeating  Arms  Co.'s  building,  New  Haven,  Conn. 
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Fig.  181B.— Winchester  Repeating  Arms  Co.'s  building,  New  Haven,  Conn. 
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Fig.  181C. — Winchester  Repeating  Arms  Co/s  building,  New  Haven,  Conn. 


FOUNDATIONS 


249 


rinishe<^  First  F/oor  Sr./OO 


%\ 

2' 

;t^^ 

k 

Section  aU' 


Section  A-A 


S/pc^  micf  /ead  sfHp 


Section  B'-B' 


\  a 


Section  D-D 


Sections  on  this  sheet  \ 
pply  1D  Basement  Plan  / 


[II 


Detail  of  Gutter 


Section  D-D' 


Fio.  181 D. — Winchester  Repeating  Arms  Co.'s  building,  New  Haven,  Conn. 
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In  this  type  of  piling,  grooves  are  left  in  adjacent  r-di^^s  of  the 
piles,  and  these  grooves  are  filled  with  grout  aftec  tlie  y^iles  are 
driven. 


Part  Section  6-6 
(See  Basement  Plan) 


Detail  of  Cornice 
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End  Wall  Removed 


Fig.  181  E. — Winchester  Repeating  Arms  Co.'s  building,  New  Haven,  Conn. 


Reinforced-concrete   piles   are   of   two   general   types,    those 
molded  in  place  and  those  molded  before  driving. 
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Piles  Molded  in  Place 

The  Simplex  and  the  Raymond  piles  are  the  only  forms  of 
concrete  piles  molded  in  place  which  are  widely  used. 

Simplex  Pile. — In  the  Simplex  pile  a  hollow  cylindrical  steel 
tube  or  form,  16  in.  in  diameter  and  f  in.  thick,  is  driven  to  a 
suitable  bearing.  When  the  required  depth  is  reached,  the  form 
is  filled  with  concrete  to  a  sufficient  height,  and  then  withdrawn. 
The  driving  point,  depending  on  soil  conditions,  may  be  either 
a  conical  cast-iron  point  (Fig.  182)  that  is  left  in  place,  or  a 
hinged  cutting  edge  called  an  alligator  point  (Figs.  183  and  184) 
which  opens  as  the  tube  is  withdrawn.  Fig.  185  shows  the  stand- 
ard Simplex  pile  which  fills  the  great  majority  of  requirements 
and  is  adaptable  in  all  ordinarily  unreliable  ground.  The  method 
shown  is  termed  '* Standard''  as  about  75  per  cent  of  Simplex 
piling  stands  on  the  detachable  cast-iron  point.  The  alligator 
point  is  limited  in  its  use  to  a  certain  class  of  soil — that  is,  one 
that  stands  well  after  penetration.  As  generally  used,  no  rein- 
forcement is  required,  but  the  system  admits  of  placing  any  de- 
sired reinforcing  members  within  the  form.  In  very  wet  soil  a 
permanent  casing  of  slightly  less  diameter  than  the  inside  of  the 
cylindrical  form  is  used  to  prevent  washing  or  displacement  of 
the  concrete.  Sometimes  a  pile  is  molded  on  the  surface  and 
lowered  through  the  form,  which  is  then  withdrawn,  leaving  the 
molded  pile  in  position. 

Raymond  Pile. — Raymond  concrete  piles  are  made  by  driving 
a  tapering  sheet-steel  shell  to  refusal  by  means  of  a  collapsible 
steel  core,  withdrawing  the  core,  and  thereupon  filling  the  shell 
with  concrete.  There  is  thus  a  shell  or  form  for  every  pile  and 
the  concrete  within  the  shell  may  be  reinforced  or  not,  as  desired. 
Fig.  186  shows  a  partly  and  an  entirely  completed  Raymond  pile. 
The  dimensions  of  the  standard  sizes  of  Raymond  concrete  piles 
are  as  follows: 

20  ft.  long,  20  in.  at  top  and  6  in.  at  the  point 
25  ft.  long,  20  in.  at  top  and  8  in.  at  the  point 
30  ft.  long,  20  in.  at  top  and  8  in.  at  the  point 
35  ft.  long,  18  in.  at  top  and  8  in.  at  the  point 
40  ft.  long,  18  in.  at  top  and  8  in.  at  the  point 

Where  rock  or  hardpan  is  overlaid  by  a  stratum  of  soft  or  un- 
stable material  and  a  pile  must  be  considered  to  act  as  a  column, 
cores  are  used  which  are  more  nearly  straight.     In  soft  material. 
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Courtety  of  Simplex  Foundation  Co. 

Fig.  182. — Setting  driving  form  on  cast-iron  point. 

piles. 


Simplex  concrete 
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Courtesy  of  Simplez  Foundation  Co, 

Fig.  183. — Alligator  point  closed 
in  position  for  driving.  Simplex 
concrete  piles. 


CourUty  of  Simplex  Foundation  Co. 

Fig.  184. — ^Alligator  point  open 
while  pulling.  Simplex  concrete 
piles. 
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however,  a  tapered  pile  appears  to  have  a  greater  bearing  capac- 
ity than  a  straight  pile  of  the  same  average  diameter. 

The  shell  of  a  Raymond  pile  is  made  of  sheet  steel  of  a  thick- 
ness depending  on  the  elasticity  and  crushing  tendency  of  the 
earth.  The  sections  are  approximately  8  ft.  long,  telescoping 
into  each  other  from  9  to  18  in.  A  boot  made  of  pressed  steel 
is  placed  on  the  end  of  the  core  or  mandrel.  This  is  designed 
to  withstand  the  cutting  effect  of  rock  and  other  obstructions 

Pufiin^  damp 


Fig.  185. — Method  of  constructing  Simplex  concreie  piles. 

encountered  in  driving.  After  the  core  is  collapsed  and  with- 
drawn, the  shell  is  inspected  to  see  that  a  perfect  shell  has  been 
secured,  and  the  form  is  then  filled  with  concrete. 

A  mechanical  problem  that  for  several  years  taxed  the  ingenu- 
ity of  engineers  connected  with  the  Raymond  system,  was  to  pro- 
vide a  shell  of  sufficient  strength  to  withstand  the  back  pressiu'e 
of  ground  of  an  elastic  nature.  A  successful  method  of  overcoming 
this  difficulty  is  illustrated  by  the  shell  shown  in  cross-section  in 
Fig.  187,  termed  a  "spiral  shell.''  The  method  consists  of  en- 
casing a  spiral  made  of  No.  3  wire  in  a  No.  24  gage  shell,  and  to 
do  this,  special  machines  have  been  built. 
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Fig.  188  shows  a  typical  Raymond  pile-driving  outfit.  Note 
the  core  in  the  leads  and  the  sections  of  permanent  shell  on  the 
ground.  These  shells  are  placed  upon  the  core  before  driving. 
Fig.  189  is  a  view  of  a  pile  driver  similar  to  that  shown  in  the  pre- 
ceding figure,  but  with  a  different  size  of  core; 


Fio.  186. — Raymond  pile  core 
collapsed  and  partly  withdrawn. 
Completed  Raymond  pile  with- 
out reinforcement. 


Fig.  187. 


Piles  Molded  Before  Driving 

Cast  piles  should  be  reinforced  to  permit  of  handling  and  the 
reinforcement  may  be  any  of  the  forms  used  for  reinforced-con- 
crete  columns.  In  driving,  a  molded  pile  is  provided  with  a  cast- 
iron  point,  and  a  driving  head  is  generally  used  in  which  a  cushion 
of  sand,  rope,  or  other  material  is  placed  between  a  driving  block 
of  wood  and  the  concrete  in  order  to  prevent  the  crushing  of  the 
pile.  Concrete  piles  are  quite  often  sunk  by  means  of  a  water  jet. 
This  method  is  made  possible  by  inserting  an  iron  pipe  in  the 
center  of  the  concrete. 


Fig.  190  shows  the  details  of  the  concrete  piles  employed  in 
the  construction  of  ore  docks  for  the  Pennsylvania  Railroad 
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Courtesy  of  Raymond  Concrete  Pile  Co. 

Fig.  188. — Raymond  pile-driving  outfit,  core  swung  in  leads.     Several  sec- 
tions of  permanent  shell  on  the  ground. 
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Courtesy  of  Raymond  Concrete  Pile  Co. 

Fig.  189. — Raymond  pile-driving  outfit.     Note  the  tapered  core. 
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Company  at  Cleveland,  Ohio.  The  piles,  octagonal  in  shape 
and  reinforced  with  eight  1-in  round  rods,  were  cast  vertically 
in  steel  forms,  a  cast-iron  shoe  being  fitted  into  the  form  and  be- 
coming a  part  of  the  finished  pile.  A  1:2:4  mixture  of  both 
gravel  and  broken  stone  was  used.     The  forms  were  removed  in 


24' Sheet  Pile 
Fig.  190. — Details  of  piles  used  in  ore  dock  construction  at  Cleveland. 

from  12  to  24  hours  after  pouring,  depending  upon  the  weather. 
No  pile  was  driven  before  it  was  at  least  30  days  old.  Sheet 
piles  were  also  used,  as  shown  in  Fig.  190. 


In  a  paper  by  Sanford  E.  Thompson  and  Benjamin  Fox  which 
was  read  before  the  Boston  Society  of  Civil  Engineers  and  which 
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was  also  reproduced  in  the  Journal  of  the  Association  of  Engineer- 
ing Societies,  Vol.  XLII,  1909,  there  is  a  complete  analytical 
description  of  the  design,  construction,  and  driving  of  the  con- 
crete piles  used  in  the  pile  foundations  of  the  Boston  Woven 
Hose  &  Rubber  Go's  power  plant.  The  paper  is  in  part  as  follows : 
"The  piles  as  designed  by  Mr.  Fox  were  made  30  ft.  6  in.  long,  14 
in.  square  at  the  butt  end,  and  in  general  9  in.  square  at  the  tip.  A 
number  of  soundings  were  taken  at  the  site  of  the  power  house  which 
indicated  a  fill  of  from  6  to  8  ft. ;  below  this  to  a  depth  of  29  ft.  7  in.  to 
31^  ft.  from  the  surface,  fine  sand  and  mud  (practically  all  may  be  con- 
sidered sand) ;  and  below  the  sand  a  clay  hard  pan  was  reached  which 
was  tested  to  a  depth  of  13  ft.  These  tests,  together  with  a  considera- 
tion of  the  requirements,  determined  the  length  of  the  pile. 


CowUty  of  Mr.  Benjamin  Fox. 

Fig.  191. — Pile  reinforcement  ready  to  place  in  form. 


**  Piles  were  reinforced  with  four  J-in.  corrugated  steel  rods  extend- 
ing to  within  2  in.  of  the  ends  of  the  pile,  and  embedded  2  in.  from  the 
face  near  the  butt  and  1 J  in.  from  the  face  at  the  tip.  Loops  of  i  -in 
corrugated  bars  were  placed  around  the  principal  steel,  spaced  about  12 
in.  apart,  except  near  the  butt  where  the  spacing  was  decreased  to  4 
in.,  there  being  34  loops  in  all.  The  butts  of  the  piles  were  also  extra 
reinforced,  some  with  |-in.  and  some  with  J-in.  rods,  varying  in  length 
from  2  to  3  ft.  A  J-in.  rod  about  5  ft.  long  was  imbedded  in  the  con- 
crete with  a  loop  sticking  out  through  the  concrete  near  the  top  of  the 
pile  on  one  side  for  hooking  with  derrick.  Fig.  191  shows  a  view  of  the 
reinforcement  wired  up  and  ready  to  place  in  the  form.  Fig.  192  shows 
the  reinforcement  in  the  form  ready  for  the  concrete. 

"A  galvanized  iron  pipe  was  cast  in  the  center  of  the  pile  for  the 
water  jet.  For  experimental  purposes  the  sizes  of  pipes  were  varied, 
being  2  in.,  IJ  in.,  1}  in.,  and  1  in.     To  carry  out  the  experiment  still 

18 
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further  some  of  the  piles  were  made  with  one  of  the  larger-size  pipes  for 
about  half  the  length  of  the  pile  and  there  connected  with  one  of  the 
smaller  pipes  which  extended  down  to  the  tip. 

"The  friction  of  water  running  through  pipe  of  small  size  is  very  great, 
so  that  it  is  known  without  experimenting  that  the  largest-size  pipe 
which  is  practicable  to  insert  in  a  pile  will  give  the  least  loss  of  head  and 


Courtesy  of  Mr.  Benjamin  Fox, 
Fig.  192. — Form  with  reinforcement  in  place  ready  to  pour  concrete. 


therefore  be  the  best.  To  increase  the  velocity  of  the  water,  and  thus 
increase  its  power  to  loosen  earth  (note  that  it  is  the  velocity,  not  the 
pressure  which  is  increased)  the  size  of  the  tube  should  be  reduced  near 
the  tip.  The  reduction  must  be  made  far  enough  from  the  pile  to  prle 
vent  clogging  under  heavy  blows.  There  is  no  danger  of  the  nozze- 
filling  while  the  water  is  flowing  freely,  and  therefore  no  danger  while 
the  pile  is  being  churned  down  in  the  first  few  blows.    The  danger  is 
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apt  to  occur  when  the  driving  becomes  hard,  and  the  penetration  per 
blow  is  small. 

"A  2-in.  pipe  is  probably  as  large  as  is  practicable,  and  it  is  there- 
fore suggested  that  this  size  be  used  to  within  12  in.,  or  if  preferred,  24 
in.  from  the  tip,  and  there  reduced  to  1  in. 


Courteay  of  Mr.  Benjamin  Fox. 

FiQ,  193. — Finished  piles  on  casting  platform,  showing  handling  hook, 
jetting  pipe  and  the  manner  in  which  reversed  ends  economize  space. 


"The  method  of  construction  is  as  follows:  A  2-in.  platform  of 
rough  plank  is  built  on  ground  of  sufficient  area  to  hold  all  of  the  piles. 
On  this  platform  chalk  lines  are  struck  and  V-strips  to  form  a  1-in.  cham- 
fer nailed  so  that  the  lines  of  the  piles  are  about  6  in.  apart,  alternating 


262      REINFORCED  CONCRETE  CONSTRUCTION 

points  and  butts.  The  casting  of  the  piles  with  tips  and  butts  alter- 
nating is  economical  of  space,  but  where  the  piles  are  cast  so  as  to  be 
handled  directly  by  the  pile  driver,  without  any  intermediate  hand- 
ling, it  is  best  to  cast  them  all  with  the  butts  toward  the  machine  on 
account  of  the  saving  of  time  in  getting  the  pile  in  the  gins.  Two  8-in. 
unplaned  (to  assist  in  skin  friction)  spruce  planks  form  the  sides  of  each 
pile.  The  piles  are  made  in  lots  of  about  five.  The  outside  form  is 
cleated  with  2  by  4's  and  the  other  sides  have  the  plank  simply  set  on 
edge  with  pairs  of  wedges  between  them.    There  are  7  cleats  or  wedges 


Courtesy  of  Mr.  Benjamin  Fox. 

Fig.  194. — Completed  piles  after  driving. 


in  tlie  length,  and  7  pieces  2  by  4  nailed  across  the  top  of  each.  After 
setting  the  plank  sides,  beveled  pieces  are  nailed  to  locate  the  upper 
surface  and  form  a  chamfer.  The  reinforcement  when  made  is  sus- 
pended in  form  by  2  wires  attached  to  each  of  the  2  by  4  cross-pieces. 

''Fig.  193  shows  a  view  of  piles  with  the  forms  removed.  Two  days 
were  usually  allowed  before  striking  the  forms.  Fig.  194  shows  the  com- 
pleted piles  after  driving. 

"The  concrete  was  mixed  by  hand  in  the  proportion  of  1:2:4,  using 
J-in.  trap  rock,  the  sand  and  cement  being  first  made  into  a  mortar  and 
the  stone  added.    A  thorough  mix  is,  of  course,  essential.    Mixing 
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was  started  in  March,  precautions  being  taken  at  night  against  possible 
frost  and  the  piles  wet  down  every  day  for  2  weeks. 

"The  age  of  the  piles  when  driven  ranged  from  30  to  41  days,  the 
larger  part  of  them  being  nearer  the  shorter  age.  The  first  pile  was 
molded  on  March  24  and  driven  on  April  24,  and  during  this  period  the 
temperature  was  low,  averaging  between  40°  and  50**  F.,  so  that  the 
piles  had  not  attained  nearly  their  full  strength.  After  the  driving  wis 
commenced  the  weather  became  much  warmer,  and  the  piles  after  the 
first  few  were  noticeably  harder  and  entirely  satisfactory,  even  although 
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Courtesy  of  Mr.  A .  C.  Chenoweth. 

Fig.  195. — "Chenoweth"  machine,  used  in  casting  rolled  concrete  piles. 
Pile  being  rolled. 


the  age  was  practically  the  same,  that  is,  about  1  month.  It  may  be 
said  that  a  period  of  1  month  for  seasoning  piles  is  sufficient  during, 
say,  the  months  between  May  1  and  October  1,  but  during  the  colder 
months  a  longer  period  should  be  alUowed  unless  artificial  heat  can  be 
used  to  hasten  hardening. '* 


There  have  been  a  number  of  inventions  in  the  concrete-piling 
field  developed  along  the  lines  of  the  made-up  pile.  The  princi- 
pal systems  are  the  Gilbreth  and  the  Chenoweth. 


264      REINFORCED  CONCRETE  CONSTRUCTION 

GiJbreth  Pile. — The  Gilbreth  pile  is  a  corrugated  reinforced- 
concrete  pile  tapered  so  as  to  develop  the  full  bearing  power  of 
the  soil  throughout  its  entire  length.  A  hole  is  made  through 
the  center  of  the  pile  to  receive  a  2-in.  jet  pipe,  which  is  used  to 
sink  (or  assist  in  sinking)  the  pile. 

Chenoweth  Pile, — The  following  is  taken  from  an  article  in 
The  Journal  of  the  American  Society  of  Engineering  Contractors, 
April,  1912,  written  by  Mr.  Alexander  C.  Chenoweth,  inventor 
of  the  Chenoweth  concrete  pile: 

"The  Chenoweth  concrete  pile  is  of  what  has  been  termed  the  molded 
type,  but  differs  materially  from  other  piles  of  that  class  by  being 
rolled  into  shape  instead  of  cast.    The  process  is  shown  in  Fig.  195. 


CourUty  of  Mr.  A.  C.  Chenoweth. 

Fig.  196. — View  of  "Chenoweth"  machine,  showing  wire  mesh  placed  on 
movable  table  and  attached  to  pile  mandrel. 


"This  pile  is  made  by  the  machine  illustrated  in  Figs.  195  and  196, 
which  consists  of  a  platform  over  which  is  suspended  longitudinally  the 
mandrel  around  which  the  material  is  rolled,  and  above  it  the  heavy 
longitudinal  roller  that  aids  in  compressing  the  materials  while  being 
rolled. 
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"On  the  platform  is  placed  a  sheet  of  wire  doth  of  the  proper  dimen- 
sions. This  is  then  attached  to  the  mandrel  and  coated  with  a  layer  of 
gravel  concrete  2  in.  or  more  in  thickness,  in  which  are  embedded 
the  longitudinal  reinforcing  rods.  The  mandrel  is  now  revolved  and  the 
concrete-covered  sheet  wound  around  it  mechanically.  The  heavy 
roller,  resting  upon  it  all  the  time,  insures  a  imiform  and  compact 
pile. 

"At  the  completion  of  the  rolling,  the  pile  rests  on  a  series  of  rollers 
at  the  edge  of  the  platform.  It  is  then  wrapped  around  every  eight  or 
more  inches  with  wire,  to  prevent  if  from  imrolling,  on  the  completion 
of  which  the  pile  is  rolled  on  to  the  cars  and  taken  to  the  seasoning  yard. 
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Fig.  197. 


At  no  time  during  this  formative  period  is  it  necessary  to  lift  the  pile 
and  thus  produce  any  disturbance  of  the  materials  of  which  it  has  been 
made. 

"The  concrete  when  applied  to  the  wire  cloth  is  moderately  wet  and 
is  sprinkled  with  water.  When  the  compression  rolls  come  into  opera- 
tion the  surplus  water  oozes  out.  The  resultant  material  is  very 
dense. 

"The  machine  can  be  set  up  when  the  piles  are  to  be  used  or  it  can 
be  located  at  some  central  point  and  the  piles  transported  to  the  work. 
One  strong  feature  of  this  pile  is  that  it  can  be  made  in  very  long  lengths. 


266      REINFORCED  CONCRETE  CONSTRUCTION 

The  general  scheme  of  the  reinforcement  admits  readily  of  modifica- 
tions and  is,  therefore,  adaptable  to  the  various  conditions  met  wit^ 
in  concrete  pile  work.  In  some  form  of  dock  construction  the  pile  is 
unsupported  for  a  long  distance  and  must  be  sufficiently  reinforced  to 
meet  this  condition.  This  pile  is  driven  or  jetted  into  place  as  the  situ- 
ation demands.    The  driving  cap  or  cushion  is  shown  on  Fig.  197." 


CHAPTER  IX 
WALLS  AND  PARTITIONS 

63.  Bearing  Walls. — As  suggested  at  the  beginning  of  this 
Section,  the  two  principal  types  of  reinforced-concrete  buildings 
differ  only  in  the  character  of  the  outside  walls.  A  skeleton 
form  of  construction  is  assumed  in  most  of  the  discussions  in 
this  text,  but  bearing-walls  should  have  some  consideration. 

Although  the  bearing-wall  type  of  construction  is  naturally 
the  only  type  employed  in  concrete  residences,  it  has  not  been 
found  in  much  favor  for  manufacturing  and  commercial  build- 
ings in  general.  Of  course,  a  building  with  monolithic  wall 
construction  possesses  great  rigidity  when  properly  designed  and 
reinforced,  but  it  cannot  be  erected  as  rapidly  as  buildings  with 
other  wall  types,  and,  unless  great  care  is  employed  in  con- 
struction, there  is  a  likelihood  of  defects  occurring  in  casting  the 
work.  There  is  also  difficulty  in  obtaining  a  uniform  color  for 
the  wall  surfaces. 

Concrete  walls  are  either  of  single  thickness,  or  of  double 
thickness  with  an  air  space  between.  A  common  method  of 
obtaining  an  air  space  is  by  building  in  a  central  course  of  hollow- 
tile  blocks.  Double  walls  render  the  interior  of  the  building  less 
subject  to  changes  in  temperature  and  more  completely  moisture- 
proof,  but,  in  the  majority  of  commercial  and  manufacturing 
buildings,  single  walls,  6  in.  or  more  in  thickness,  are  not 
objectionable  and  make  a  great  saving  in  floor  space.  Occasional 
projections  or  pilasters  improve  the  appearance  and  add  to  the 
strength  of  a  single  wall.  Fig.  198  shows  the  front  elevation 
of  a  warehouse  for  the  Portland  (Me.)  Savings  Bank  which,  for 
the  bearing-wall  type  of  structure,  is  quite  ornate.  Note  the 
cornice,  belt  courses,  etc. 

Except  in  residences,  bearing-wall  footings  must  usually  be 
reinforced.  A  cantilever  projection  is  formed  on  each  side  of  the 
wall  and  the  amount  of  reinforcement  may  be  determined  as  for 
a  simple  cantilever  beam. 

Sometimes  only  portions  of  a  wall  are  made  to  carry  floor 

19  267 
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Fig.  198. — Front  elevation  of  warehouse  for  Portland  Savings  Bank, 
Portland^  Maine. 
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loads.  Walls  of  this  kind  are  shown  in  Figs.  181C,  181D,  199A, 
and  199  B. 

In  designing  the  bearing  wall  shown  in  Fig.  181D,  Section  BB, 
the  offset  was  made  12  in.  on  the  inside  in  order  to  carry  a  12-in. 
brick  wall  above.  The  8  in.  on  the  outside  is  to  allow  for  bearing 
for  floor  slab  in  future  extension.  The  wall  had  originally  been 
laid  out  for  a  thickness  of  16  in.,  and  the  footing  was  placed  with 
this  in  mind.  When  it  was  decided  to  make  the  wall  thicker,  it 
was  impossible  to  change  the  location  of  the  footing  so  as  to 
center  it,  but  the  diflFerence  was  so  small  it  was  not  considered 
important.  The  walls  were  reinforced  horizontally  between 
piers  to  take  care  of  the  earth  pressure — the  idea  being  to  make 
the  pier  act  as  a  beam,  supported  by  the  basement  and  first 
floor. 

The  footings  rested  on  a  very  soft  rock.  It  was  the  belief  of 
the  designers  that  the  wall  was  sufficiently  deep  to  act  as  a  beam 
and  to  distribute  the  load  from  the  piers  over  the  entire  bay 
from  column  to  column.  This  wall  was  cast  integrally  with  the 
piers  and  was  reinforced  with  four  IJ-in.  rods  near  the  top  as 
shown.  The  footings  then  were  reinforced  in  one  direction  with 
the  same  spacing  of  rods  from  column  to  column. 

64.  Curtain  Walls. — In  the  usual  type  of  construction,  wall 
girders  are  placed  at  each  floor  and  the  reinforced-concrete  walls 
(called  curtain  walls)  are  designed  merely  to  fill  in  the  panels 
between  the  columns  and  girders  which  form  the  skeleton  frame 
of  the  building.  They  are  not  intended  to  carry  any  weight 
but  need  to  be  strong  enough  to  withstand  pressure,  which  is 
usually  considered  to  be  30  lb.  per  square  foot.  Such  walls  may 
be  designed  as  slabs  carrying  a  uniformly  distributed  load  and 
supported  on  all  four  sides.  Figuring  in  this  way,  using  the 
above  value  for  the  wind  pressure,  a  wall  in  ordinary  building  con- 
struction will  never  exceed  3J  to  4  in.  in  thickness,  which  is  the 
practical  limit  for  ease  in  construction.  In  fact,  6-in.  walls  will 
generally  be  required  in  order  to  obtain  sufficient  imperviousness 
to  moisture.  Also,  a  6-in.  wall  is  usually  cheaper  than  a  4-in. 
wall  owing  to  the  greater  ease  of  pouring  the  concrete  and 
placing  the  reinforcing  steel  in  position.  A  4-in.  wall,  however, 
is  all  that  is  needed  for  fire  protection. 

In  addition  to  the  consideration  of  wind  pressure,  concrete 
walls  are  reinforced  generally  for  the  purpose  of  preventing  cracks 
and  guarding  against  accidents  during  or  immediately  after 
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construction,  except,  of  course,  where  lateral  pressures  occur, 
when  the  beam  action  must  be  considered.  The  reinforcement 
generally  consists  of  J-  to  l^-in.  rods  placed  both  horizontally 
and  vertically  from  12  to  24  in.  apart. 

Slots  in  the  columns  are  made  by  nailing  a  strip  on  the  inside 
of  the  column  forms.     In  this  way  the  curtain  walls  are  mortised 
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Fig.  199  B.— Factory  addition,  Bradley  Knitting  Works,  Delevan,  Wis. 


into  the  columns  and  a  contraction  joint  is  formed,  so  that  the 
contraction  to  be  provided  for  is  due  only  to  the  curtain  wall 
itself. 

When  curtain  walls  are  employed  with  a  small  percentage  of 
window  area,  it  is  customary  to  use  both  horizontal  and  vertical 
reinforcement,  the  same  as  when  the  wall  covers  the  entire  panel, 
and  to  place  one  or  more  rods  near  the  edge  of  the  slab  about  all 
openings.  When  wire  fabric  is  used  for  reinforcement,  the  edges 
of  the  openings  are  stiflFened  by  bending  back  the  fabric  into  a  U 
shape. 
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Where  a  large  percentage  of  the  outside  wall  of  a  building  is 
used  for  windows,  as  is  generally  the  case  in  factory  buildings, 
the  wall  proper  consists  of  little  more  than  columns  with  deep 
wall  beams  or  wall  girders  forming  belt  courses  between  them. 
The  spandrels,  which  we  shall  call  the  walls  directly  beneath  the 
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Fig.  200. — Lang  building,  Haverhill,  Mass. 


window  sills,  may  be  reinforced  so  as  to  act  as  the  upper  part  of 
the  wall  beams,  but  the  usual  method  is  to  consider  this  portion 
as  separate  from  the  beam  and  merely  reinforce  with  small 
rods  (in  some  cases  with  wire  fabric)  so  as  to  prevent  cracks  and 
to  reinforce  the  construction  during  the  setting  of  the  concrete. 
If  this  is  done,  the  spandrels  may  be  put  in  after  the  main  struc- 
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tural  parts  have  been  cast,  in  the  same  manner  as  complete  ^ 
curtain  walls.     This  saves  time  in  the  erection  of  the  building 
and  allows  the  use  of  more  care  in  obtaining  a  neat  finish  on  the 
spandrel  walls. 
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Fio.  203. — Details  of  Lang  building,  Haverhill,  Mass. 

In  Fig.  203  two  spandrel  sections  are  shown,  one  where  wall 
beams  are  employed  and  the  other  where  only  the  floor  slab 
and  spandrels  form  the  exterior  belt  course.  It  may  be  stated 
here  that  Figs.  200  to  207  inclusive  show  many  of  the  details  of 
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Fig.  204. — Details  of  Lang  building,  Haverhill,  Mass. 
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Fig.  205. — Details  of  Lang  building,  Haverhill,  Mass. 
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the  Lang  Building  at  Haverhill,  Mass.  built  by  the  Concrete 
Engineering  Ck).  for  the  Haverhill  Building  Trust.  Many  of 
the  details  shown  will  be  referred  to  later,  but  the  student  should 
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PIPE     RAIL    DETAILS 
Fig.  207.  — Details  of  Lang  building,  Haverhill,  Mass. 


look  through  all  the  details  at  this  time  so  as  to  become  some- 
what familiar  with  them.  Note,  for  example,  the  elevations  of 
the  building  and  its  general  shape;  also  the  nailing  strips  in  the 
columns  and  lintels. 


280      REINFORCED  CONCRETE  CONSTRUCTION 


^ 

e^ 

^1 

,.JK1, 

!-i 

—  1          1    1    iTl 

ir  frwii!iiiii|iiij| 

Courtesy  of  Mr.  C.  A.  P.  Turner. 

Fig.  208. — International  Harvester  building,  Fort  William,  Canada. 


Courtesy  of  Mr.  II.  F.  Porter,  Mfg.  Editor  of  "Factory." 

Fig.  209. — Warehouse,  Dodge  Mfg.  Co.,  Mishawaka,  Ind. 
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Reinforced  concrete  is  well  adapted  to  the  construction  of 
walls  where  considerable  strength  is  required,  but  in  very  thin 
walls,  such  as  curtain  walls,  it  becomes  a  relatively  expensive 
building  material  on  account  of  the  cost  of  forms.  Brick,  con- 
crete blocks,  or  terra-cotta  are  often  used  on  this  account,  not 
only  for  spandrel  walls,  but  to  cover  entire  wall  panels  (Figs.  208 
and  209). 

For  curtain  walls  in  Unit  construction,  reference  should  be 
made  to  Figs.  78  and  Plate  XI. 

66.  Brick  and  Other  Veneer. — From  an  architectural  stand- 
point it  sometimes  becomes  necessary  to  cover  the  exterior 


Igm 

»"--  wM  H    1  ^M  ; 

r 

^HH  iffi)  ram 

CourUty  of  Univertal  Portland  Cement  Co. 

Fig.  210.— J.  K.  Mclntyre  building,  Dayton,  Ohio. 


colunms  and  walls  with  brick,  terra-cotta,  marble,  limestone, 
or  other  material.  The  facing  or  veneer  is  usually  laid  after  the 
structural  frame  is  completed  (Figs.  210  to  212  inclusive). 

A  brick  veneer  generally  consists  of  one  thickness  of  brick, 
and  this  is  tied  into  the  concrete  work  by  means  of  copper  or 
galvanized-iron  ties.  These  ties  are  usually  about  J  in.  wide  and 
are  tacked  to  the  form  boards  in  such  a  manner  that  about  4  in. 
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of  the  tie  will  be  embedded  in  the  concrete  work.  When  the 
forms  are  removed,  the  portion  of  the  tie  lying  flat  against  the 
forms  is  bent  out  as  shown  in  Fig.  213.  A  tie  should  be  provided 
for  about  every  4  sq.  ft.  of  wall  surface.  Brick  facings  should  be 
supported,  at  least  at  every  floor,  by  a  ledge  formed  in  the  con- 


CourUty  of  Univeraal  Portland  Cement  Co. 

Fig.  211. — Rogers  and  Hall  Co.'s  building,  Chicago,  HL 

Crete.  Angle  irons  are  usually  employed  to  carry  stone  and 
brickwork  over  door  and  window  openings  (Fig.  214). 

Fig.  215  shows  one  method  of  supporting  a  stone  lintel.  The 
anchor  at  the  top  should  be  noted. 

The  arrangement  of  the  ties  and  supports  for  terra-cotta  varies 
greatly  with  the  design.     The  facing  is  usually  supported  by 
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projections  in  the  concrete  fitting  into  openings  in  the  terra- 
cotta, forming  a  sort  of  dovetailing.     Iron  anchors  then  tie  the 


Courtesy  of  Univer8<U  Portland  Cement  Co. 

Fig.  212. — Primus  building,  Hammond,  Ind. 
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Fig.  213. 

two  together.  It  is  very  important  that  suitable  play  be  pro- 
vided for,  as  terra-cotta  cannot  be  made  to  exact  dimensions. 
Stone  facings  are  also  supported  by  projections  in  the  concrete, 

20 
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the  same  as  terra-cotta,  but  the  stone  can  be  made  to  more  nearly 
fit  any  simple  shape  given  to  the  concrete  ledge. 

66.  Window  Openings. — The  arrangement  of  floor  slab  and 
wall  beam  in  Fig.  215  makes  it  possible  to  obtain  the  maximum 


Courtesy  of  Ferro-conertte  Construction  Co. 

FiQ.  214. — Christ  Church  parish  house;  Cincinnati,  Ohio. 

amount  of  light  within  the  building;  that  is,  the  window  frames 
are  run  as  close  as  possible  to  the  underside  of  the  floor  slab. 
It  should  be  noted  that  to  accomplish^this,  the  beams  should 
either  be  run  parallel  with  the  walls  of  the  building,  so  that  none 
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of  the  beams  will  take  bearing  on  the  lintel,  or  else  the  floor 
arrangement  should  be  similar  to  that  shown  in  Fig.  202  where 
only  parallel  girders  are  employed  spaced  relatively  close  to- 
gether. If  beams  run  parallel  with  the  walls,  the  spacing  of  the 
beams  may  be  returned  at  the  corners  by  a  diagonal  girder  as 


S/o/7e  Fcrce 
l/rrfe/   - 


Ang/9  to  support 
ffn/shed  stone 
//nfe/ 


Fig.  215. 

illustrated  in  Fig.  216.     By  so  doing  the  windows  may  be  made 
the  same  height  throughout. 

Reinforced-concrete  buildings  to  be  considered  fire-resisting 
should  have  windows  of  wire  glass,  held  in  metallic  frames. 
Wire  glass  is  either  ribbed,  rough,  maze,  or  polished  plate  having 
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A/or  ma/  Bepms 
Fig.  216. 


wire  embedded  in  its  center  during  the  process  of  manufacture. 
The  wire  netting  used  for  this  purpose  is  similar  to  ordinary 
chicken  netting  with  about  a  1-in.  mesh.  It  is  embedded  in  the 
glass  at  a  very  high  temperature  which  insures  adhesion  between 
the  netting  and  glass,  and  the  two  materials  become  one  and 
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inseparable.  If  the  glass  is  broken  by  shock  or  by  intense  heat, 
it  remains  intact.  It  is  this  property  which  gives  wire  glass  its 
fire-retarding  qualities. 

Metal  frames  are  made  in  a  great  variety  of  forms  to  meet  all 
purposes.  Sashes  may  be  stationary,  sliding,  pivoted  either 
horizontally  or  vertically,  hinged,  or  double  hung  with  weights 
like  an  ordinary  window.     Sash  may  also  be  obtained  which 
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Fig.  217. 


will  close  automatically  and  lock  under  fire  by  the  fusing  of  a 
link  or  other  means  to  accomplish  the  same  result.  A  number 
of  sections  of  steel-sash  windows  are  shown  in  Figs.  217,  218,  and 
219.  These  sections  are  included  in  this  text  to  show  a  few  of 
the  different  methods  of  fastening  metal  frames  to  the  walls  or 
wall  columns.  Fig.  220  shows  steel  sash  in  place,  ready  for  the 
placing  of  the  sill.     Fig.  221  shows  the  building  completed. 
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When  properly  constructed,  a  tin-covered  wood  shutter  is  a 
most  effective  window  protection.  There  is  one  objection,  how- 
ever, to  the  use  of  shutters  on  window  openings  and  that  is,  they 
must  necessarily  be  open  while  the  building  is  in  use,  and,  when 
the  need  comes  for  them,  they  are  apt  to  be  overlooked  and  not 
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closed.  They,  moreover,  hide  a  fire  and  are  unsightly  for  many 
locations.  Frames  and  sash  of  wood  covered  with  metal  are 
sometimes  used — the  wood  furnishing  the  strength  and  the 
metal  the  protection.  Note  the  combination  of  wood,  tin,  and 
steel  in  the  window  design  shown  in  Fig.  222. 

Grout 

jf-^,-.  w-^-^    '  ^l^2fnq  C//p 

Jamb 

Fig.  219. 


Sill 


Automatic  steel  rolling  fire  shutters,  placed  either  on  the 
outside  of  window  openings  or  in  the  window  reveals  immediately 
in  front  of  the  window  frames  and  sash,  form  the  least  objection- 
able appearing  type  of  shutter  protection  for  windows,  and  seem 
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Courtesy  of  Ferroconcrete  Conatruction  Co, 

FiQ.  220. — Watkins  medical  building,  Memphis,  Tenn. 


Courtesy  of  Ferro-concrete  Construction  Co. 

FiQ.  221. — WatkinB  medical  building,  MemphiSi  Tenn. 
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to  be  entirely  adequate  for  all  ordinary  condilions.  Open 
sprinklers,  or  water  curtains  as  they  are  frequently  called,  are 
sometimes  used  in  connection  with  shutters  or  wine  /{lass  windows, 
but  do  not  seem  to  be  very  efficient  in  themselves  except  in  very 
moderate  exposures. 

Fig.  223  shows  a  window  construction  with  ordinary  wooden 
sash  employed  in  a  large  hospital  in  the  Middle  West.  Figs. 
201  and  202  show  the  details  of  window  construction  in  the 
Lang  Building  at  Haverhill,  Mass.  The  nailing  strips  that 
must  be  placed  in  the  concrete  should  be  noted.     Fig.  224  shows 
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the  window  construction  in  a  shoe  factory  at  Cambridge,  Mass. 
built  for  the  Cambridge  Building  Trust.  Double-hung  window 
details  for  a  building  at  the  corner  of  Commonwealth  Avenue 
and  Beacon  St.,  Boston,  Mass.,  which  we  shall  call  the  Cross- 
Roads  Building,  are  shown  in  Fig.  225.  A  detail  of  a  basement 
window  opening  is  given  in  Fig.  199B.  Fig.  226  shows  a  common 
window  and  wall  construction.  The  details  are  those  of  the 
Truck  Garage,  Pacific  Mills,  Lawrence,  Mass. 

67.  Door  Openings. — Doors  in  a  reinforced-concrete  building 
should  be  fire  resisting,  the  same  as  windows,  and  n^ay  be  of 
either  the  hinged,  sliding,  or  rolling  type.     If  tin-covered  wood 
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doors  are  provided  on  openings  in  interior  partition  walls,  they 
are  generally  hung  on  inclined  tracks  so  that  they  will  close 
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Fig.  226. — Triick  garage,  Pacific  Mills,  Lawrence,  Mass. 

automatically  (Figs.  109  and  227).  Where  it  is  desirable  to 
keep  them  open,  an  automatic  release  operated  by  a  fusible 
link  is  provided. 
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Courtesy  of  Turner  Conatrudion  Co, 

Fig.  227. — Arbuckle  Brothers'  warehouse,  Brooklyn,  N.  Y.     Note  verti- 
cally operated  door  at  elevator  shaft  and  sliding  doors  in  the  background. 


Courtesy  of  Aberthaw  Construction  Co. 

Fig.  228. — Interior    cartridge    storage    building,    Winchester  Repeating 
Arms  Co.,  New  Haven,  Conn.    Live  load,  800  lb.  per  square  foot. 
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Sliding  and  rolling  doors  are  generally  used  only  for  large  open- 
ings such  as  driveway  and  freight-elevator  entrances  and  are 
usually  arranged  to  close  automatically  in  case  of  fire.  Sliding 
doors  should  have  the  rails  on  which  they  operate  protected  by 
metal  shields  to  prevent  obstruction.  Steel  rolling  doors  are  made 
in  horizontal,  jointed,  sectional  strips,  which  wind  up  on  a  roller 
placed  in  a  pocket  alcove  the  opening,  the  ends  moving  in  metal 
grooves  to  hold  them  in  place  (see  Frontispiece  and  Figs.  226  and 
228).  There  are  a  number  of  types  of  vertically  operated  doors. 
A  common  type  for  freight  elevators  is  shown  in  Fig.  204. 

Fig.  229  shows  the  details  of  an  ordinary  outside  wooden 
door.    Fig.  230  gives  the  details  of  large  swinging  driveway 
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doors  used  in  the  Cross-roads  Building  at  Boston,  Mass.  The 
arrangement  around  the  main-street  entrance  doors  to  the  same 
building  is  shown  in  Fig.  231.  Similar  door  details  in  the  Lang 
Building  (Fig.  205)  should  also  be  noted. 

68.  Parapet  Walls  and  Cornices. — Figs.  143  to  147  inclusive, 
198,  199A,  224,  and  226  give  some  idea  of  the  possibilities  in 
parapet  wall  and  cornice  construction. 

69.  Basement  Walls. — Basement  walls  to  sustain  earth  may 
be  designed  as  simply  supported  slabs,  the  earth-pressure  reac- 
tions being  usually  taken  by  the  basement  and  first  floors.  The 
common  construction  is  to  employ  curtain  walls  at  least  8  in. 
thick  between  wall  columns,  and,  in  addition  to  reinforcing  them 
vertically  to  take  the  earth  pressure,  to  place  rods  near  the  bottom 
of  the  wall  so  as  to  make  the  wall  carry  itself  as  a  beam  from 
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footing  to  footing.  This  type  of  wall  thus  requires  no  founda- 
tion of  its  own  and  may  be  built  in  the  same  way  as  the  curtain 
walls  in  the  upper  stories.  Sometimes  it  becomes  necessary  to 
reinforce  horizontally  for  the  earth  pressure.  This  brings  a 
lateral  force  on  the  columns,  but  the  resulting  eccentricity  of 
colimm  loading  may  be  disregarded  for  ordinary  cases  unless  a 
very  light  wall  column  is  used.  It  is  customary  in  the  design 
of  basement  walls  to  assume  the  earth  pressure  as  due  to  a  fluid 
weighing  30  lb.  per  cubic  foot. 

In  Fig.  232  is  given  a  complete  basement  plan  of  the  Cross- 
roads Building,  Boston,  Mass.  The  details  of  the  basement 
walls  are  shown  in  Fig.  234.  The  foundations  (Fig.  233)  con- 
sisted of  wells  3  ft.  in  diameter  flared  at  the  bottom  and  sunk 
to  a  good  gravel  subsoil.  The  top  soil  was  of  a  peat  formation 
and  it  was  decided  that  the  wells  were  about  as  cheap  to  build 
as  spread  foundations  with  piles.  Steel  tubes  were  employed 
3  ft.  in  diameter  which  were  withdrawn  as  the  wells  were  filled 
with  concrete.  The  wells  were  excavated  by  hand;  a  windlass 
on  a  tripod  was  placed  over  the  hole  and  used  to  hoist  the  ex- 
cavated material.  A  space  3  ft.  in  diameter  is  about  the  mini- 
mum area  in  which  one  man  can  work  to  advantage  and  that  is 
the  reason  for  the  adoption  of  the  3-ft.  wells.  In  nearly  all  the 
wells,  the  flare  at  the  bottom  was  made  without  bracing  of  any 
kind  because  of  the  nature  of  the  material.  On  account  of  the 
high  banks,  it  was  necessary  to  do  considerable  trenching  along 
the  street  sides  before  the  tubes  could  be  started.  Elevations  of 
the  ground  surface  before  excavation  was  begun  is  shown  in  the 
location  plot. 

The  building  was  erected  up  to  the  adjacent  property  line,  and 
cantilever  footings  were  employed.  The  basement  walls  on  this 
side  were  figured  for  earth  pressure  since  it  appeared  quite  prob- 
able that  the  adjacent  ground  might  be  filled  in  at  some  future 
time.  The  floor  designs  of  this  building  are  quite  complicated 
since  the  building  is  separated  near  its  center  by  a  6-in,  terra- 
cotta wall  and  the  floors  on  each  side  are  at  different  levels.  A 
driveway  also  runs  through  the  building  at  the  first  floor  level 
just  to  one  side  of  the  separating  wall,  and,  since  the  streets  at 
this  point  are  at  different  elevations,  the  driveway  is  on  a  grade. 
This  explains  to  a  certain  extent  the  peculiar  cross-sections 
shown  for  the  basement  walls.  The  basement  columns  and  the 
entire  first  floor  were  finished  before  the  basement  was  thoroughly 
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Fig.  232. — Cross  Roads  building,  Boston,  Mass. 
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FiQ.  233. — Cross  Roads  building,  Boston,  Mass. 
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Fig.  234. — Cross  Roads  building,  Boston,  Mass. 
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Fia.  237. — Cross  Roads  building.  Boston,  Mass. 
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excavated.  In  order  to  proceed  with  the  work  in  this  manner, 
the  Concrete  Engineering  Co.,  who  were  the  contractors  for  this 
building,  designed  lintel  beams  along  the  Beacon  St.  side  to 
support  the  first  floor  temporarily.  These  lintel  beams  finally 
became  part  of  the  basement  walls,  as  the  details  clearly  show. 
The  basement  wall  was  made  to  act  as  a  beam  between  columns 
16  and  18  and  to  support  a  column  17  which  starts  at  the  first 
floor  level.  This  was  done  because  it  was  not  considered  a 
feasible  proposition  to  connect  column  17  with  the  next  interior 
column  by  means  of  a  cantilver  footing. 

Basement  walls  under  a  sidewalk  are  shown  in  Figs.  235,  236, 
and  237.  Walls  are  also  shown  for  a  driveway  which  runs  from 
street  level  to  an  automobile  repair  pit  below  the  basement 
floor.  The  student  should  note  that  the  floor  of  the  driveway 
and  the  outside  wall  form  an  L-shaped  retaining  wall  and  may 
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ni/ed  with 


Fig.  238. 


be  figured  by  means  of  the  principles  explained  in  Part  I  of  this 
volume.  As  the  depth  of  wall  increases  the  thickness  at  the 
bottom  of  the  upright  portion  increases  and  the  steel  is  varied 
accordingly.  The  basement  walls  proper  are  held  at  the  top 
by  the  sidewalk  slab  and  at  the  bottom  by  either  the  basement 
floor  or  the  floor  of  the  pit.  The  expansion  joints  over  the 
footings  should  be  noted.  The  details  shown  are  not  complete, 
but  it  is  thought  that  sufficient  data  is  given  to  indicate  the 
method  of  construction. 

The  sidewalk  lights  are  formed  of  circular  pieces  of  plate 
glass  set  in  reinforced-concrete  slabs,  and  supported  by  steel 
beams.     A    typical    vault-light    construction,    using    concrete 
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beams,  is  shown  in  Fig.  238.  The  spacing  of  the  beams  should 
be  governed  by  the  thickness  of  the  slab — the  usual  spacing  being 
3  to  4  ft. 

60.  Partitions. — Solid  concrete  partition  walls  may  be  made 
3  or  4  in.  thick  if  reinforced  in  a  similar  manner  to  exterior 
curtain  walls.  Extra  rods  should  be  placed  near  the  edges  of 
all  openings,  and  rods  should  project  into  the  floor  and  ceiling 
for  anchorage.  It  is  usually  convenient  to  pour  the  concrete 
after  the  floors  are  laid,  and,  where  partitions  are  not  located 
under  beams,  this  may  be  done  by  leaving  a  slot  in  the  floor  at 
the  proper  place. 

Concrete  blocks  have  been  used  to  some  extent,  but  their 
thickness  is  often  objectionable.  In  the  Wholesale  Merchants' 
warehouse  at  Nashville,  Tenn,  concrete  blocks  were  employed 
8  by  8  by  24  in.  in  size  with  two  hollow  spaces.  The  blocks 
aroimd  the  elevators  were  4  by  4  by  6  in.  solid.  Rabbets  were 
formed  in  each  end  and  in  top  and  bottom  surfaces,  and  these 
were  filled  with  cement  mortar  as  the  blocks  were  laid,  in  order 
to  secure  as  perfect  a  bond  as  possible. 

A  solid  concrete  wall  4  in.  thick  makes  a  very  efficient  fire- 
resisting  partition,  but  is  heavy,  and  difficult  to  install.  For 
this  reason  metal  lath  and  plaster,  terra-cotta  tile,  and  plaster- 
block  partitions  are  generally  used  in  preference  to  concrete. 

Metal  lath  and  plaster  partitions  are  extensively  employed  in 
concrete  buildings  and  make  a  fairly  good  (although  not  first- 
class)  fire-resisting  construction.  Some  tests  of  plaster  parti- 
tions in  actual  fires  have  shown  such  constructions  to  be  reliable 
under  fairly  severe  conditions,  while  other  tests  have  shown 
failure,  due  to  the  difficulty  of  obtaining  sufficient  bond  between 
the  plaster  and  the  metal  lath  to  resist  successfully  the  combined 
action  of  fire  and  water. 

The  ordinary  form  of  metal  lath  and  plaster  partition  consists 
of  channel-iron  or  other  steel  studding  set  crosswise  of  the  parti- 
tion, and  connected  at  the  top  and  bottom  with  the  floor.  The 
metal  lath  is  then  fastened  to  both  sides  of  the  studding  and  each 
side  plastered  with  a  mixture  of  lime  and  cement  mortar.  Three 
coats  of  plaster  are  generally  applied — the  first  or  scratch  coat 
containing  the  usual  quantity  of  hair  or  fiber.  Openings  are 
cased  on  all  sides  with  a  steel  framework  to  which  the  lath  is 
firmly  fastened.  This  type  of  partition  is  usually  made  from  4 
to  6  in.  thick,  and  made  either  hollow  or  with  a  central  body  of 
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cinder  concrete.  A  2-in.  solid  partition,  however,  is  sometimes 
used  and  consists  of  only  one  thickness  of  metal  lath  wired  to  the 
steel  uprights. 

Metal  lath  and  plaster  partitions  made  by  the  Roebling  Ck)n- 
stniction  Co.  are  shown  in  Figs.  239,  240,  and  241.  The  studs 
are  fastened  top  and  bottom  by  means  of  knees.    Where  flats 
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Enlarged    Section  A-B 
Fig.  239. 


are  used  for  uprights,  the  knees  are  formed  by  simply  bending 
the  ends  of  the  s.tuds.  Where  cement-finished  floors  are  used, 
wood  plugs  or  expansion  bolts  are  inserted  for  fastening.  Wood 
furrings,  where  required  for  naiUng  purposes,  are  attached  to  the 
studs  by  means  of  staples.  Furrings  are  usually  required  to 
receive  the  base-boards,  chair  rail,  and  picture  molding.     They 
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are  not  needed,  however,  where  cinder  concrete  is  filled  in  between 
the  lath  since  cinder  concrete  will  receive  nails  readily.  The  ver- 
tical members  at  door  openings  are  made  to  extend  the  full 
height  from  floor  to  ceiling.  Such  members  around  openings  are 
punched  at  intervals  with  holes  to  permit  the  fastening  of  wood 
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frames  or  other  trim.     Of  course,  from  a  standpoint  of  fire- 
resistance,  metal  or  plaster  trim  is  preferable  to  wood. 

Two  types  of  plaster  partitions  erected  by  the  Expanded 
Metal  Companies  are  shown  in  Figs.  242  and  243.  A  metal 
and  plaster  partition  known  as  the  Ay-rift  construction  is  shown 
in  Fig.  244.     The  ribs  of  the  hy-rib  take  the  place  of  studs  and 
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eliminate  the  necessity  of  attaching  sheets  of  lath  to  studs. 
The  manner  of  attaching  a  hy-rib  partition  to  floor  and  ceiling 
is  shown.  Where  hollow  partitions  are  required,  two  thick- 
nesses of  hy-rib  are  used,  separated  by  means  of  rib  studs. 

Expanchcf  Me/a/  or 
stiffenecf  fVtre  Lat/r/na 


Fig.  241. 


Terra-cotta  tile  partitions  are  very  satisfactory  light-weight 
partitions  if  made  of  semi-porous  or  porous  material.  Partition 
blocks  are  made  in  thicknesses  varying  from  2  in.  to  12  in.,  the 
4-in.  block  being  the  most  common.     Plaster  on  both  sides  of 
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Fig.  242. 


a  terra-cotta  partition  increases  the  thickness  by  \\  in.,  that  is, 
\  in.  to  a  side.  Two-inch  and  three-inch  tile  partitions  are  not 
recommended  for  dependable  efficiency  in  case  of  fire.  The  safe 
height  of  a  terra-cotta  partition  may  be  approximated  by  multi- 
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Fig.  243. 


plying  the  thickness  of  the  block  in  inches  by  40.     This  will 
give  the  safe  height  in  inches. 

Full-porous  terra-cotta  blocks  are  slightly  more  expensive  than 
semi-porous,  as  they  weigh  more  per  square  foot,  and  have 
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heavier  faces  and  webs,  but  they  make  a  partition  which  is  de- 
cidedly more  dependable  under  fire  test.  At  least  a  portion  of  a 
partition  should  be  built  of  full-porous  blocks  in  order  to  provide 
for  the  nailing  on  of  wood  trim. 

Terra-cotta  partitions  should  be  securely  braced  with  slate  at 
the  ceiling.  The  blocks  should  be  wet  before  being  laid  and  also 
before  being  plastered,  and  should  be  laid  in  a  mortar  composed 
of  one  part  lime-putty,  two  parts  cement,  and  two  or  three 
parts  sand. 
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Fig.  244. 


Plaster  blocks  as  used  in  partition  construction  are  made 
principally  of  gypsum  or  plaster  of  Paris,  with  an  admixture  of 
wood  fiber,  reeds,  or  other  suitable  material.  They  are  extremely 
light,  easy  to  handle,  and  can  readily  be  cut  and  sawed,  but 
possess  several  disadvantages  in  actual  use.  They  also  offer 
poor  resistance  to  hose  streams  in  case  of  fire. 

The  table  on  page  308  gives  weights  of  various  forms  of  par- 
titions. The  weights  for  the  block  partitions  do  not  include  the 
plastered  surfaces.  If  a  partition  is  to  be  plastered  on  both 
sides,  add  10  lb.  per  square  foot. 
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WEIGHTS  OF  PARTITIONS 


Kind  of  partition  Thickness  (inches)  ^      V  ♦      ^ 


Solid  plaster. . . 
Hollow  plaster. 

Terfa-cotta 


Plaster  black. 


2 

20 

4 

32 

4 

22 

2 

12  to  14 

3 

15  to  17 

4 

16  to  18 

5 

18  to  20 

6 

24  to  26 

2 

7 

4 

12 

8 

22 

Large  buildings  should  be  divided  by  firewalls  of  either  con- 
crete or  brick,  so  that  if  fire  occurs  in  any  part  of  the  structure 
it  will  be  kept  from  spreading.  A  firewall  to  be  thoroughly 
effective  should  run  from  basement  to  roof  and  be  provided  with 
automatic  fireproof  doors.  Severe  exposures  require  fire  doors 
on  each  side  of  such  walls. 

Stairs  and  elevator  shafts  should  be  enclosed  in  either  concrete 
or  brick  partitions.  Where  considerations  of  appearance  or 
light  prevent  the  use  of  opaque  enclosures,  the  fire  hazard  should 
be  reduced  by  using  wire  glass  in  metal  frames.  Open  grille- 
work  around  passenger  elevators  should  be  of  this  construction. 


Problem 

15.  Design  an  8-in.  basement  wall,  10  ft.  high,  to  extend  between  wall 
columns  (16  in.  by  24  in.)  which  are  spaced  16  ft.  on  centers.  Consider 
that  the  wall  is  to  sustain  earth  level  with  the  top  of  the  wall  and  rein- 
force vertically  for  the  earth  pressure.  The  wall  is  to  have  no  footing 
of  its  own,  but  will  rest  on  the  wall-column  footings.  Assume  the  earth 
pressure  as  due  to  a  fluid  weighing  30  lb.  per  cubic  foot. 

16.  Design  the  wall  of  Problem  15  reinforcing  horizontally  for  the  earth 
pressure. 


CHAPTER  X 

STAIRS 

61.  General  Design. — The  usual  type  of  reinforced-concrete 
stairway  consists  of  an  inclined  slab  with  the  steps  molded  upon 
its  upper  surface.     The  design  of  such  stairs  is  a  simple  problem, 


CourUay  of  Ferroconcrete  Construction  Co. 

Fig.  245. — Stairs  in  MacDonald  &  Kiley  factory,  Cincinnati,  Ohio. 

since  the  thickness  and  reinforcement  may  be  calculated  as  for  a 
slab  freely  supported  at  the  ends.  Transverse  reinforcement  is 
used  only  for  stiffening  and  to  prevent  shrinkage   cracks.     A 
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common  load  used  in  designing  stairs  in  commercial  and  manu- 
factm-ing  buildings  is  100  lb.  per  horizontal  square  foot. 

.  A  simple  method  of  design  is  to  support  the  ends  of  a  stairway 
slab  directly  on  floor  beams  or  floor  girders,  or  on  some  special 
beam  or  beams  inserted  for  the  purpose.  This,  however,  cannot 
always  be  accomplished  conveniently  and  it  is  common  design  to 
make  the  span  of  a  stairway  slab  to  include  a  platform  slab  as  well 
(Fig.  245).  Stresses  in  slabs  of  this  type  are  somewhat  inde- 
terminate on  account  of  the  angle  which  occurs  at  the  edge  of  the 
platform;  but  many  such  slabs,  however,  have  been  computed 


Fig.  246. — Stair  details,  factory  building,  Cambridge  Building  Trust. 

as  simple  slabs  freely  supported  and,  as  far  as  the  writer  knows, 
have  given  satisfaction  in  every  case. 

In  stairway  design,  some  arrangement  is  usually  made  where- 
by short  spans  may  be  employed,  as  slab  construction  is  not 
suitable  for  long  flights.  When  it  becomes  necessary  to  use 
stair  spans  of  great  length,  however,  without  any  chance  of 
intermediate  support,  a  side  girder  construction  may  be  em- 
ployed. The  girders  may  be  calculated  as  simple  beams  with 
the  reinforcing  steel  near  the  lower  surface.  A  small  rod  is  run 
across  from  girder  to  girder  at  the  foot  of  each  riser  so  that  the 
risers  are  practically  reinforced  beams. 
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Stairways  should  be  enclosed  in  fire-resisting  partitions  in 
order  to  prevent  the  spread  of  fire.     (See  Art.  60.) 

62.  Methods  of  Supporting  Stairs. — The  slab  method  of 
construction  is  usually  the  cheaper  and  employed  wherever 
possible.     In  long  straight  flights,  a  beam  is  often  used  to 


^M'C 


1         "I  fis'Srnff^  Y 

^^  ' 1     [  iR^J^  C'^i^'-S    J 


Section  at  A-A 


SecTton  Of  i*i 


shorten  the  span.  This  beam  may  run  between  the  regular 
columns  which  make  up  the  structural  frame,  or  additional  short 
posts  may  be  provided.  Fig.  206  shows  a  stairway  supported 
in  this  way.  The  design  is  that  employed  near  columns  1  and  2 
of  the  Lang  Building,  Fig.  200. 
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Where  a  stairway  must  be  broken  into  two  or  more  nms  to 
the  story,  it  is  customary  to  employ  either  rod  hangers  or  beams 
intermediate  in  the  story  height.  Figs.  246  and  247  show  stair- 
ways supported  by  rod  hangers  only.  In  Fig.  248  both  inter- 
mediate beams  and  rod  hangers  are  employed. 


CourUty  of  Universal  Portland  Cement  Co. 

Fig.  247. — Stair  design.     Rogers  &  Hall  Co.'s  building,  Chicago,  111. 

Stairways  are  generally  constructed  at  some  convenient  time 
after  the  structural  frame  is  completed.  Where  stair-runs  start 
from  floor  beams  or  floor  girders,  a  plank  should  be  nailed  to  the 
side  of  the  beam  forms  to  cause  rabbets  in  the  concrete,  and 
dowels  should  also  be  provided. 


STAIRS 


313 
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Fia.  248. — Stair  details.     The  BobbB-Memll  building,  Indianapolis,  Ind. 
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The  ends  of  a  stairway  slab  are  usually  fixed  to  more  or  less 
extent  and  the  dowels  provided  in  the  course  of  construction  may 
well  be  made  of  such  length  and  in  such  numbers  as  to  give  a  suf- 
ficient reinforcement  for  negative  moment.     In  short  spans  fixed 
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Fio.  249. — Stair  details.     Warehouse  for  Portland  Savings  Bank,  Portland, 

Maine. 


in  this  way,  it  seems  to  the  writer  that  the  moment  at  the  center 

of  slab  may  be  computed  with  safety  using  the  formula  Af  =  ^ 

A  stairway  supported  by  brick  walls  is  shown  in  Fig.  249. 
The  same  arrangement  would  be  employed  with  concrete  bearing 
walls. 
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Steps  are  sometimes  molded  after  the  rough  concrete  stair 
slab  is  in  place.  The  steps  may  then  be  molded  separately  and 
set  on  the  slab,  or  they  may  be  poured  in  place.  In  the  former 
case,  rods  should  be  embedded  in  each  step  to  permit  of  handling 
without  injury,  while  in  the  latter  case  the  steps  are  all  poured 
at  once  in  a  similar  manner  to  the  way  the  pouring  is  done  when 
they  form  an  integral  part  of  the  slab.  Fig.  250  shows  this  type 
of  stairway  in  process  of  construction.  The  rough  slabs  only 
have  been  poured. 


Courtesy  of  Universal  Portland  Cement  Co. 

Fig.  250. — Reinforced-concrete  theater  building,  Milwaukee,  Wis. 


Fig.  251  shows  a  bold  design  in  reinforced-concrete  stair 
construction. 

63.  Stair  Details. — In  factory  construction  stair  treads  are 
usually  surfaced  with  a  1-in.  or  IJ-in.  cement  top  finish.  A 
method  of  constructing  the  steps  is  illustrated  in  Fig.  252.  The 
form  board  for  the  riser  is  arranged  as  shown  at  A  and  the  top 
of  this  board  is  beveled  so  that  by  placing  an  upper  form  board 
on  the  outside,  a  nosing  or  projection  in  the  concrete  work  is 
formed. 

Another  type  of  step  with  cement  finish  is  shown  in  Fig.  248. 
22 
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This  Step  makes  a  good  appearance,  but  is  a  trifle  more  diflScult 
to  construct  than  the  step  previously  mentioned. 

The  outer  edge  of  concrete  steps  are  protected  in  many  cases 
by  a  light  steel  angle  which  runs  the  entire  width  of  the  stairs. 


Courtesy  of  Universal  Portland  Cement  Co. 

Fig.  251. — Spiral  stairs.     Chicago  Union  Lime  Works,  Chicago,  111. 

When  linoleum  is  used,  this  angle  is  raised  so  as  to  have  the 
upper  leg  flush  with  the  finished  tread.  Metal  non-slipping 
treads  embedded  in  the  concrete  are  sometimes  employed. 

Fig.  246  shows  the  method  of  connecting  concrete  stairs  with 
a   wood-finished   floor.     Fig.    2r)r^   gives   the   details   of  wood- 
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covered  concrete  stairs  employed  in  a  fireproof  residence.  In  the 
best  buildings,  treads  and  risers  are  often  covered  with  marble 
slabs  having  plaster  soffits. 

The  rise  of  a  stair  is  the  height  from  the  top  of  one  step  to  the 
top  of  the  next.  The  run  is  the  horizontal  distance  from  the 
face  of  one  riser  to  the  face  of  the  next.  The  run  is  usually  less 
than  the  width  of  tread  on  account  of  the  nosing.     To  secure  a 


Fig.  252. 

comfortable  stair,  the  run  must  bear  a  certain  relation  to  the  rise. 
One  rule  is  that  the  sum  of  the  rise  and  run  should  be  equal  to 
from  17  to  17i  in.  For  ordinary  use,  a  rise  of  7  to  7^  in.  is  about 
right.  Stairs  having  a  rise  greater  than  71  in.  are  steep.  Prop- 
erly designed  stairs  without  nosings  should  have  at  least  12-in. 
treads  to  be  comfortable  and  the  above  rule  does  not  apply  to  this 
type  of  stair. 


^fbae/  fondue -and- 
ffroovt  sfeps  secured , 
fo  s/eepers  Jt)ecfcfecf 
/rr  concre-^ 


(ibpFhon 
Sta/r  Landing        X  Sub-  Floor. 
/    z'S/eeper  and 


Fig.  253. 


The  common  railing  is  of  galvanized-iron  pipe  put  together 
with  malleable-iron  fittings  and  having  the  stanchions  rigidly 
secured  in  sockets  in  the  concrete  work.  Fig.  207  gives  details 
of  a  railing  of  this  type  used  in  the  Lang  Building.  The  hand- 
rail should  be  placed  at  a  height  of  about  2  ft.  6  in.  above  the 
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tread  on  line  with  the  face  of  riser.     Rails  monolithic  with  the 
stairs  are  sometimes  used. 


Problem 

17.  Assume  the  floor  design  of  Problem  5.  Use  a  part  of  a  floor  bay  in  the 
interior  of  the  building  for  a  stair  shaft  and  provide  enclosure  partitions. 
Take  the  height  from  finished  floor  to  finished  floor  at  15  ft.  and  design 
the  stairs  through  one  story  using  three  runs.  Submit  computations 
and  complete  design. 


CHAPTER  XI 
ELEVATOR  SHAFTS 

64.  Elevators  in  General. — In  order  to  appreciate  the  detailed 
design  of  elevator  shafts,  it  is  necessary  to  have  a  general  idea  of 
the  different  types  of  elevators  and  the  chief  points  concerning 
their  construction. 

As  the  matter  stands  at  the  present  day,  elevators  installed 
are  either  electric  or  hydraulic.  The  hydraulic  is  the  older  of 
the  two  main  types,  but  the  electric  elevator  possesses  several 
advantages  over  the  hydraulic  type  and  seems  to  be  more 
universally  used. 

Electric  Elevators 

Electric  elevators  are  of  either  the  drum  or  traction  type. 
The  machine  for  the  drum  type  (Fig.  254)  consists  of  a  worm  and 
gear  wheel  actuated  by  an  electric  motor,  the  gear  wheel  being 
attached  to  a  winding  drum  or  spool.  Four  cables  wind  upon 
the  drum,  two  of  which  lead  to  the  car  and  two  to  the  machine 
counterweight.  The  dnmi  type  is  not  suitable  for  buildings  of 
great  height  because  the  drum  length  required  would  make  a 
machine  too  large  to  be  installed  under  ordinary  conditions.  In 
many  cases,  also,  the  deflection  of  the  cables  would  be  greater 
than  could  be  accommodated  in  the  size  of  the  elevator  shaft. 
Then,  too,  the  development  of  the  drum  type  of  apparatus  has 
not  been  such  that  suitable  speed  for  any  great  amount  of  travel 
could  be  obtained. 

A  typical  installation  of  the  drum  type  with  the  machine 
located  in  the  basement  is  shown  in  Fig.  255.  In  order  for  the 
student  to  appreciate  the  arrangement  of  the  cables,  the  method 
of  what  is  called  counterbalancing  should  be  understood. 

The  simplest  way  to  counterbalance  a  car  is  to  attach  a  cable 
(other  than  the  lifting  cable)  to  the  top  of  the  car  frame,  leading 
this  cable  over  one  or  more  overhead  sheaves  (Fig.  256)  and  sus- 
pending the  counterweight  therefrom.  In  order  that  the  car  may 
descend  when  empty,  the  counterweight  must,  when  so  attached, 
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always  be  less  than  the  weight  of  the  empty  car  with  its  fixtures. 
No  power  is  needed  for  the  down  trip  of  the  car,  but  on  the  up 
trip,  the  motor  must  develop  enough  power  to  raise  the  maximum 
load  plus  the  unbalanced  weight  of  the  car. 

In  all  drum  elevators,  however,  the  motor  and  drum  are  revers- 
ible and  power  can  be  applied  during  the  down  trip  as  well  as 
during  the  up  trip.  Under  these  conditions  it  becomes  possible 
to  counterbalance,  not  only  for  the  full  weight  of  the  car,  but 
also   for  the  average   load.     This   may   be   accomplished   by 


Courtesy  of  Otis  Elevator  Co. 

Fig.  264. 

attaching  the  counterweight  to  the  drum  and  winding  the  cable 
in  an  opposite  direction  to  that  of  the  lifting  cable  (Fig.  257),  so 
that  when  the  lifting  cables  are  unwound,  the  counterweight  cables 
are  wound  on  the  drum  and  vice  versa — thus  allowing  the  lifting 
and  counterweight  cables  to  travel  in  the  same  groove.  The 
advantage  of  this  method  of  counterbalancing  (called  over- 
balancing) compared  with  the  first  method  is  apparent.  If  the 
load  on  the  car  is  equal  to  the  average  load,  no  power  is  needed 
besides  that  necessary  to  start  the  machinery  and  keep  it  moving 
against  frictional  resistances.  If  the  load  is  equal  to  the  maxi- 
mum load  and  the  car  is  going  up,  the  motor  must  furnish  power 
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suflScient  to  raise  the  difference  between  the  maximum  and  the 
average  load.     If  the  car  is  empty  and  going  down,  the  other 
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Fig.  258. 


extreme,  the  motor  must  raise  the  counterweight  with  a  force 
equal  to  the  weight  of  the  average  load. 
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Fig.  258  shows  a  scheme  of  overbalancing  by  which  the  stress 
in  the  cables  and  the  pressure  on  the  drum-shaft  bearings  may  be 
diminished.  This  scheme  is  essentially  that  shown  in  Fig.  255 
with  the  exception  of  the  arrangement  of  the  sheaves.  The 
number  and  location  of  the  sheaves,  however,  do  not  in  any  way 
change  the  principle  involved.  Two  counterweights  are  shown, 
one  attached  directly  to  the  car  and  the  other  to  the  drum.  The 
car  counterweight  must  be  less  than  the  weight  of  car  in  order 


Courtesy  of  Otis  Elevator  Co. 

FiQ.  259. — Elevator  machine  of  the  gearless  traction  type. 


to  allow  the  car  to  descend  when  empty.  The  other  counter- 
weight is  equal  to  the  remainder  of  the  car  weight  plus  the 
average  load. 

The  weight  of  the  cables  is  a  considerable  item,  especially  for 
high  lifts.  A  varying  counterweight,  usually  in  the  form  of  a 
chain  composed  of  heavy  links,  is  provided  for  the  purpose  of 
balancing  the  varying  weight  of  the  cables  on  the  two  sides  v>f 
the  overhead  sheaves  and  thus  to  counteract  any  variation  in 
power  requirements.  One  end  of  the  chain  is  fastened  to  the 
bottom  of  the  car,  while  the  other  end  is  made  fast  to  the  bottom 


ELEVATOR  SHAFTS 


323 


•^17777777777777777777^77^777777777777 

CourUgy  of  Oli*  Elevator  Co. 

Fig.  260. — General  arrangement  of  roping  for  traction  elevator  installation. 
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of  the  regular  counterweight. 


Courtesy  of  Otia  Elevator  Co. 
FlQ.    261. 


As  the  car  ascends,  more  and 
more  of  the  weight  of  the  chain 
is  transferred  from  the  counter- 
weight to  the  car,  and  as  the 
car  descends  the  reverse  occurs. 

In  the  drum  type  of  electric 
elevator,  the  machine  must  be 
provided  with  limit  switches 
which  cut  oflF  the  power  from 
the  motor  and  apply  the  brake 
when  the  car  reaches  the  top 
or  bottom  of  the  shaft.  There 
is  always  danger  of  the  motor 
continuing  to  revolve  after  the 
car  has  reached  the  end  of  the 
up- travel.  For  this  reason  a 
sufficient  over-run  should  be 
provided  between  the  top  of 
the  car  frame  (when  the  car 
platform  is  flush  with  the  top 
landing)  and  the  lowest  point 
of  the  overhead  work.  It  may 
be  valuable  to  note  here  that 
most  cities  of  any  size  and  some 
states  have  passed  ordinances 
governing  the  minimum  over- 
head work,  and  these  require- 
ments are  usually  in  excess  of 
what  has  heretofore  been  con- 
sidered fairly  good  practice. 

The  traction  type  of  electric 
elevator  (Figs.  259  and  260) 
was  brought  forward  some  eight 
or  nine  years  ago,  designed 
with  the  idea  of  eliminating  the 
drum  winding  and  thus  remov- 
ing the  limitation  upon  the 
height  of  travel  which  the  drum 
winding  imposed.  This  type 
of  elevator  now  promises  to 
become  the  standard  for  high- 
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rise,  high-speed  work.  The  operating  mechanism  of  this  elevator 
is  extremely  simple,  consisting  of  a  slow-speed  motor  direct- 
connected  to  a  grooved  wheel  or  sheave.  Vertically  above  or 
below  this  wheel,  depending  upon  whether  the  motor  is  located 
at  the  bottom  or  top  of  the  shaft,  is  placed  an  idler.     The  cables 


CourUty  of  (Mia  Elevator  Co. 

Fig.  262. — Otis  patented  spring  return  oil  buffer. 


connecting  the  car  and  the  counterweight  are  wrapped  around 
this  grooved  wheel,  as  shown  in  Fig.  261  which  is  an  overhead 
installation.  The  weight  of  the  car  and  the  counterbalance 
produce  sufficient  adhesion  between  the  cables  and  grooved  wheel 
to  cause  the  cables  to  move  at  the  same  speed  as  the  circum- 
ference of  the  wheel. 

One  of  the  striking  advantages  resulting  from  this  arrangement 
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Fig.  263. — General  arrangement  of  roping    for  2:1  traction  elevator 
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of  cables  and  the  method  of  drivmg  the  same  is  the  decrease  in 
traction  which  occurs  when  either  the  car  or  the  counterweight 
strikes  the  bottom  of  the  shaft.  Suppose  the  motor  should  con- 
tinue to  revolve  after  the  car  has  reached  the  end  of  the  up- 
travel.  The  counterweight  would  then  be  at  the  bottom  of  the 
shaft  and  the  cables  would  slacken,  allowing  the  motor  to  revolve 
without  causing  any  further  movement  of  the  car.  The  same 
conditions  would  result  from  the  car  reaching  the  lower  end  of 
its  travel.  The  decrease  in  tractive  eflFort  is  a  valuable  and 
effective  safety  feature  inherent  in  this  type  of  elevator. 


Courtety  of  OtU  Elevator  Co. 


Fig.  264. 


Since  the  traction  type  is  usually  selected  where  the  speed  and 
rise  are  high,  the  usual  safety  devices  installed  in  connection 
with  modem  high-grade  apparatus  are  used  with  this  type  of 
elevator.  An  automatic  stop  device  is  usually  the  principal 
safety  feature  and  is  designed  to  be  entirely  independent  of  the 
brake  that  is  operated  in  the  car.  This  device  is  so  designed  in 
connection  with  the  motor  that  the  car  is  initially  retarded  and 
finally  brought  to  a  positive  stop  at  the  upper  and  lower  ter- 
minals of  travel.  The  car  operating  device  may  be  left  in  the  full- 
speed  position  and  still  the  automatic  device  would  be  eflFective. 
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Other  safety  devices  include  speed  governors;  wedge  clamps  for 
gripping  the  rails  in  case  of  the  car  attaining  excessive  speed;  and 
oil-cushion  buffers  (Fig.  262)  placed  at  the  bottom  of  the  shaft, 
one  under  the  car  and  one  under  the  counterweight.  The  rate  of 
speed  at  which  either  the  car  or  counterweight  is  brought  to  a 
positive  stop,  through  the  telescoping  of  the  buflfer,  is  regulated 
by  the  escape  of  oil  from  one  chamber  of  the  buflfer  to  another. 
The  buflfers  have  proved  capable  of  bringing  a  loaded  car  safely 
to  rest  from  full  speed. 

Fig.  263  shows  the  general  arrangement  of  roping  for  what  is 
called  a  2:1  traction  elevator  installation — ^the  latest  modifica- 
tion in  traction  apparatus.  By  the  arrangement  shown,  a  tackle 
is  formed  which  permits  of  slower  car  speeds,  aad  at  the  same 
time  permits  the  use  of  a  motor  of  somewhat  higher  speed  than 
in  the  ordinary  traction  type. 

The  worm-gear  or  geared  traction  machine  (Fig.  264)  grew 
out  of  the  drum  type  of  apparatus.  It  permits  the  use  of  a 
motor  of  standard  speed,  thereby  resulting  in  a  somewhat  higher 
motor  efficiency  and  a  lower  motor  cost.  This  machine  is  similar 
in  principle  to  the  direct  traction  type  with  the  exception  that 
the  worm-gearing  is  interposed  between  the  motor  shaft  and  the 
shaft  carrying  the  grooved  wheel  over  which  the  cables  pass. 

Hydraulic  Elevators 

Hydraulic  elevators  are  of  either  the  vertical-blinder,  hori- 
zontal-cylinder, or  plunder  types.  The  vertical-cylinder  is  per- 
haps the  most  common  form  of  hydraulic  elevator  although  the 
plunger  type  several  years  ago  enjoyed  a  considerable  degree  of 
popularity  for  high-rise  work.  As  far  as  new  installations  for 
this  class  of  work  are  concerned,  the  plunger  type  has  been 
practically  superseded  by  the  traction  type  of  electric  elevator. 
The  horizontal-cylinder  elevator  is  but  little  used. 

In  the  vertical-cylinder  type  of  hydraulic  elevator,  the  cylinder 
is  usually  located  along  one  side  of  the  elevator  shaft,  but  some- 
times it  is  placed  in  a  separate  shaft  nearby.  The  cylinder  con- 
tains a  piston  which  is  connected  by  rods  to  a  traveling  frame  in 
which  sheaves  are  mounted.  Water  under  pressure,  admitted 
by  means  of  suitable  valves,  causes  the  piston  to  move  from  one 
end  of  the  cylinder  to  the  other.  As  shotvn  in  Fig.  265,  fixed 
sheaves  are  located  at  a  sufficient  height  above  the  traveling 
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sheaves  to  accommodate  the  piston  stroke,  and  the  cables  which 
are  attached  to  the  car  pass  over  sheaves  at  the  top  of  the  elevator 
shaft,  then  down  around  the  traveling  sheaves,  then  up  and 
around  the  fixed  sheaves,  down  again  to  the  traveling  sheaves 
and  then  up  to  the  fixed  sheaves  where  their  ends  are  anchored. 

By  this  arrangement  of  the 
r7\  77^  cables,    a    tackle   is    formed 

^^^    ^^^  which  multiplies  the  stroke  of 

the  piston.     The  cylinder  it- 
self   is    usually    limited    in 
^  Fioor    height   to  approximately  30 
ft.    but,    by   means    of    the 
tackle,  or  gear  as  it  is  called, 
this  type  of  elevator  has  been 
employed  for  exceedingly  high 
rises. 
3^  Fim-        The  horizontal-cylinder  el- 
evator is  similar  in  principle 
c^^  to   the  vertical  type  and  is 
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Fig.  265. 


Fig.  266. 


foimd  in  two  forms  known  as  the  pushing  and  pulling  types.  In 
order  to  save  space,  the  gear  of  these  machines  is  usually  con- 
siderably higher  than  that  commonly  found  in  the  vertical  type 
machines.  The  plunger  elevator  is  represented  suflSciently  in 
Fig.  266  and  needs  no  description. 

All  elevators  of  the  hydraulic  type  depend  upon  gravity  to 
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effect  retardation  on  the  up-trip  and  to  cause  the  car  to  descend. 
The  method  of  counterbalancing  in  every  case  is  similar  to 
that  shown  in  Fig.  256.  The  counterweight  in  the  vertical  type 
is  provided  in  part  by  the  weight  of  the  moving  parts. 

The  valves  of  hydraulic  slow-speed  freight  elevators  are  com- 
monly operated  by  a  hand  rope  (Fig.  265)  passing  through  the 
car  and  over  small  sheaves  at  the  top  and  bottom  of  the  shaft, 
and  connected  with  the  main  valve  in  the  basement.  Running 
ropes  and  standing  ropes,  either  of  which  may  be  operated  by 
means  of  a  lever  or  wheel  in  the  car,  are  generally  used  for  ma- 
nipulating the  water  valves  of  high-speed  elevators. 

Compensating  chains  are  used  for  the  geared  type  of  hydraulic 
machines  in  the  same  manner  as  explained  for  electric  elevators. 
In  connection  with  plunger  elevators,  the  counterweights  them- 
selves are  attached  to  the  car  frame  by  cables  of  sufficient  size 
and  weight  to  compensate  for  the  difference  in  head  as  the 
plunger  travels  through  the  cylinder — ^that  is,  they  make  up  for 
the  weight  displaced. 

Selection  of  ELEVAtoR  Type 

The  very  large  majority  of  elevators  installed  at  the  present 
day  are  of  the  electric  type  for  both  freight  and  passenger  service. 
Hydraulic  elevators  are  occasionally  used  where  conditions  seem 
to  make  them  desirable,  but,  unless  the  installation  is  to  consist 
of  a  large  enough  number  of  elevators  to  warrant  the  installation 
of  a  good-sized  pumping  plant,  the  cost  of  operating  an  hydraulic 
elevator  is  considerably  more  than  the  cost  of  operating  an 
electric  elevator,  and  would  require  also  the  installation  of  a 
boiler  plant  in  the  building,  which  is  not  always  desirable.  In 
hotels,  hospitals,  and  in  some  office  buildings  where  a  power 
plant  for  lighting  and  heating  is  essential,  hydraulic  elevators 
are  sometimes  used,  and,  if  there  are  enough  of  them,  they  can 
be  nm  probably  with  as  great  economy  as  electric  elevators. 
Under  other  conditions,  however,  the  electric  elevator  has  almost 
entirely  supplanted  the  hydraulic. 

Examples  op  Electric-elevator  Installations 

Figs.  267  and  268  indicate  the  usual  arrangements  for  ordinary 
freight  elevators,  with  speeds  up  to  about  150  ft.  per  minute, 
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where  the  usual  type  of  drum  machines  are  used.  In  Fig.  267 
the  electric  machine  is  located  over  the  shaft,  and  in  Fig.  268 
the  machine  is  located  in  the  basement  or  first  floor. 

It  should  be  noted  that  the  loads  are  indicated  where  they 
occur  in  connection  with  the  overhead  work.     The  beams  are 
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also  indicated  for  carrying  the  sheaves  or  machines,  and  these 
beams  transmit  the  loads  to  the  structural  frame  of  the  building. 
These  loads  are  all  actual  loads  and  should  be  doubled  on  account 
of  the  shock  of  stopping  and  starting  the  elevator  car. 

Fig.  269  represents  freight  elevators  where  the  speed  is  con- 
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siderably  higher,  the  machines  being  of  the  traction  type  with 
2:1  roping,  as  shown  in  Fig.  263.  This  machine  is  miich  heavier 
than  drum  machines,  for  the  same  load  to  be  lifted.     This  type 


-5;//^V-V«V/ 


A/ao  yj^/  Siuijpogj 


8 

CO 

08 
Si 


IP 


I  . 


.^_J 


•X. 


L^iff^l^ 


U 


I 


^ 


^^ILQg 


■\  uooij  tf^t  a/  -f-M^.sg ^9jS8  ^si^ 


4 


o 


o 


of  installation  is  employed  where  the  travel  of  the  elevator  is 
considerable,  as  in  office  buildings  and  large  warehouses. 
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Figs.  270  and  271  show  passenger  elevators  with  drum  machines 
located  in  the  basement,  and  Fig.  270  shows  a  frequent  arrange- 
ment of  overhead  work  which  is  desirable  on  account  of  the 
small  amount  of  overhead  height  which  it  occupies.  The  arrange- 
ment shown  in  Fig.  271  is  mechanically  more  desirable  but 
requires  more  height,  which  makes  it  less  acceptable  to  architects 
in  general. 

Fig.  272  shows  passenger  elevators  of  the  gearless  traction 
type  of  machine  with  1:1  roping,  as  shown  in  Fig.  260.  The 
loads  for  this  machine  are  very  heavy  compared  to  those  shown 
with  other  types.  This  is  due  to  the  fact  that  the  motor  of  this 
machine  is  exceedingly  slow  speed,  consequently  all  parts  are 
rather  heavy.  This  machine  is  used  for  high  rises  and  confined 
generally  to  office  buildings  and  large  hotels. 

Fig.  273  represents  passenger  elevators  with  the  geared  trac- 
tion type  of  machine,  similar  to  that  illustrated  in  Fig.  264. 
This  machine  is  considered  one  step  in  advance  of  the  drum 
machine  and  is  used  for  higher  rises  and  usually  higher  speeds 
than  the  drum  machines.  The  loads  are  approximately  the  same, 
but  where  machines  are  placed  in  the  basement,  which  is  rarely 
done,  the  loads  are  somewhat  greater  than  for  machines  of  the 
drum  type. 

The  drawings  shown  are  somewhat  conventional  and  sketchy. 
They  are  proposal  layouts  put  out  by  the  elevator  contractor  to 
indicate  to  the  architect  or  engineer  what  is  required  in  the  way 
of  preparation  at  the  building  for  the  accommodation  of  the 
elevator  apparatus.  Architects  and  engineers  preparing  build- 
ing plans  should  consult  with  elevator  contractors  as  early  as 
possible  in  order  that  each  situation  may  be  considered,  and  in 
order  that  proposal  drawings  similar  to  those  shown  above  may 
be  obtained  before  the  building  is  planned  in  detail.  When  it 
is  the  intention  to  install  either  the  plunger  or  geared  hydraulic 
type  of  elevator,  the  manufacturer  should  be  consulted  without 
delay,  as  to  the  space  required  for  the  machinery,  boilers,  tanks, 
cylinders,  etc.,  in  order  to  provide  ample  room  for  them  on  the 
plans. 

66.  Elevator-shaft  Pits. — Elevator-shaft  pits  should  not  be 
less  than  3  ft.  below  the  basement  floor.  When  oil-cushion 
buffers  are  employed,  however,  the  pit  depth  should  vary  accord- 
ing to  the  speed  of  the  elevator  and  the  stroke  of  the  buffer 
designed  for  that  particular  speed.     With  a  car  speed  of  600  ft. 
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per  minute,  the  pit  should  be  about  11  ft.  deep  at  the  center 
where  the  buflfer  is  placed. 

If  the  first  floor  is  made  the  bottom  landing,  a  pit  pan  may  be 
suspended  from  the  first  floor,  and  buffers,  if  used,  may  be  placed 
on  the  basement  floor  and  arranged  to  project  up  into  the  pit 
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Fig.  275. — Pent-house  details. 

through  special  openings  in  the  pan.  This  method  is  generally 
employed  when  it  is  advantageous  to  gain  headroom  in  the  base- 
ment underneath  the  pit  pans.  All  footings  for  columns  and 
foundations  adjoining  elevator  shafts  should  be  kept  below  the 
floor  of  the^elevator-shaft  pit,  and  the  pit  itself  should  be  finished 
to  plmnb-line  dimensions. 
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In  localities  where  the  water  level  in  the  soil  is  very  high,  or 
where  there  are  underground  springs,  the  pits  should  be  thor- 
oughly waterproofed.  This  may  be  done  in  the  same  manner  as 
for  basement  floors.  (See  Art.  29.)  If  the  water  pressure  is 
very  great,  waterproof  pans  may  be  employed,  as  shown  in 
Fig.  274. 
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The  sides  of  the  pits  are  usually  made  of  concrete  6  to  8  in. 
thick  and  the  bottom  of  the  pit  is  made  a  slab  of  the  same  thick- 
ness as  the  basement  floor.  (See  Fig.  232.)  The  sides  of  the 
pit  are  supported  at  the  top  and  bottom,  and  may  be  figured  as 
a  simple  slab  acted  upon  by  the  earth  pressure  and  by  a  pressure 
due  to  the  live  load  on  the  basement  floor.     The  steel  used  in 
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the  side  walls  should  be  rtm  into  the  basement  floor  in  order  to 
take  the  reaction  at  the  upper  end  of  the  slab. 

66.  Pent  Houses. — The  heights  of  pent  houses  over  elevator 
shafts  vary  according  to  the  number  of  sets  of  sheave  beams 
and  the  size  of  the  sheaves.  If  the  machine  is  located  in  the 
basement  or  on  any  intermediate  floor,  the  height  of  the  pent 
house  will  vary  according  to  the  location  of  the  counterweights 
with  respect  to  the  machines.  If  the  machine  is  placed  over  the 
shaft,  the  size  and  height  of  the  pent  house  may  be  affected  by 
the  dimensions  of  the  machine  itself.  Figs.  275  and  276  give 
details  of  actual  pent-house  constructions. 

In  all  machine  rooms,  doors  should  be  provided*  of  suflBcient 
size  to  permit  any  part  of  the  machinery  to  be  removed  in  case  of 
repairs.  The  construction  should  also  be  such  as  to  admit  of 
easy  access  for  the  purpose  of  oiling  sheave  bearings,  etc. 

Local  regulations  of  some  localities  i-equire  that  a  grating  be 
installed  in  all  elevator  shafts,  just  below  the  overhead  machinery. 
This  grating  should  be  constructed  and  properly  supported  to 
sustain  the  weight  of  a  number  of  men. 
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67.  Methods  Employed. — There  is  no  well-established  practice 
of  providing  for  contraction  and  expansion  in  reinforced  concrete 
buildings  as  a  whole.  Many  engineers  construct  curtain  walls 
into  keyways  leaving  only  the  wall  beams  and  wall  girders 
subject  to  contraction,  and  it  has  been  found  that  these  can 
usually  be  reinforced  sufficiently  to  prevent  cracking.  Tempera- 
ture reinforcement  in  wall  beams  should  be  placed  horizontally 

near  the  outer  surface  and  should 
be  well  distributed  throughout  the 
beam  depth.  This  longitudinal 
reinforcement  should  be  well  lapped 
at  the  comers  of  the  building. 
Mr.  Chester  J.  Hogue,  Construct- 
ing Engineer  for  the  Concrete 
Engineering  Co.,  Boston,  Mass., 
states  that  buildings  built  by  his 
company  at  Haverhill,  Mass.,  in 
the  fall  of  1911,  are  300  ft.  in 
length,  have  no  expansion  joints, 
and  have  not  yet  cracked.  (The 
Lang  Building  previously  described 
is  one  of  the  buildings  referred  to.) 
Expansion  joints  to  be  a  success 
should  completely  separate  the  building  from  bottom  to  top. 
They  should  preferably  be  made  by  means  of  a  double  column 
supporting  a  double  girder,  and  the  joints  should  be  water- 
proofed. Some  engineers  specify  that  a  complete  separation 
shall  be  made  every  100  ft.  in  length  of  the  building. 

Rather  than  provide  sufficient  steel  to  take  contraction  in 
long  walls,  expansion  joints  are  often  resorted  to.  Fig.  277 
shows  different  methods  of  making  such  joints.  In  type  A 
grooves  are  simply  cast  in  the  end  of  one  section  and  coated 
with  cold-water  paint  or  pitch.  In  building  the  next  section  a 
tongue  is  formed  fitting  the  groove.     This  type  of  joint  is 
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generally  reinforced  with  burlap  when  placed  in  front  of  an  earth 
fill.  (See  Fig.  235.)  In  type  5,  Fig.  277,  sheet  lead  is  used. 
The  projecting  portion  of  the  sheet  is  bent  up  against  the  form 
while  concrete  is  being  placed  in  the  first  section.     After  re- 
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moving  the  forms  it  is  bent  down  parallel  with  the  wall  surface  so 
as  to  extend  into  the  abutting  concrete.  A  U-shaped  bend  is 
formed  in  the  lead  sheet  at  the  concrete  joint.  In  type  C  the 
tongue  and  groove  is  formed  as  in  -4,  and  in  addition  a  bent  lead 
or  copper  strip  is  inserted. 
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Fig.  278  shows  the  manner  of  providing  expansion  joints  in 
the  United  Shoe  Machinery  Co.'s  factory  at  Beverly,  Mass. 

Fig.  279  shows  expansion  joints  in  a  sawmill  at  Waycross,  Ga., 
built  by  the  Hebard  Cypress  Co.  An  expansion  joint  occurs 
directly  on  every  column  line.  This  was  done  by  pouring 
columns  and  all  transverse  beams  on  column  line  monolithic,  and 
by  making  all  intermediate  beams  and  girders  distinct  members. 
Recesses  were  made  to  receive  these.     The  slab  was  also  an 
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after  consideration  and  was  poured  independently  of  beams  Mid 
girders.  The  walls  were  poured  after  the  columns  had  been 
stripped.  The  monolithic  feature  of  concrete  construction  was 
entirely  eliminated.  This  was  done  not  only  for  contraction  and 
expansion,  but  to  permit  the  pouring  of  the  concrete  at  convenient 
times.  The  roof  slabs  were  cut  on  all  column  and  ridge  lines  for 
movement,  and  afterward  capped.  No  other  covering  than 
concrete  was  used  for  the  roof  and  this  was  waterproofed  by 
introducing  a  foreign  ingredient  into  the  concrete  mixture. 

The  following  taken  from  the  Engineering  Record,  issye  of 
March  16,  1912,  should  be  of  interest: 

"Severe  cracks  developed  in  the  exterior  piers  of  a  large  reinf creed- 
concrete  building  during  construction,  which,  according  to  the  consult- 
ing engineers  on  the  work,  were  due  to  a  rather  imusual  cause.  The 
building  was  600  ft.  long,  60  ft.  wide,  and  4  stories  high,  without  an 
expansion  joint,  and  the  upper  stories  were  built  mainly  during  the 
summer  months.  An  inve^igation  conducted  subsequent  to  the 
appearance  of  the  cracks  showed  that  the  piers  at  the  center  of  the 
building  were  perfectly  sound,  while  with  increasing  distances  from  the 
center  the  piers  were  more  seriously  affected,  those  at  the  ends  of  the 
building  showing  the  greatest  displacement.  As  this  condition  sug- 
gested that  temperature  expansion  was  responsible  for  the  trouble, 
measurements  were  taken  by  plumbing  down  from  the  third  floor 
level  to  the  basement  floor.  These  measurements  showed  that  the 
third  floor  expanded,  under  the  direct  rays  of  the  sun  during  a  hot 
summer's  day,  a  sufficient  amount  to  swing  the  columns  out  from  a 
perpendicular  to  an  inclined  position.  The  amount  of  this  displace- 
ment, it  is  stated,  was  in  some  cases  as  high  as  1^  in.  at  each  end  of  the 
building." 


CHAPTER  XIII 

SHEAR  AND  MOMENT  CONSIDERATIONS  IN  CONTINUOUS 

BEAMS 

It  is  the  intention  in  this  chapter  to  give  the  facts  which  have 
led  to  the  selection  of  the  general  bending  moment  coefficients 
as  recommended  by  the  Joint  Committee,  and  at  the  same  time 
to  give  sufficient  information  and  data  whereby  the  student  may 
be  able  to  design  continuous  beams  for  special  cases.  In  ordi- 
nary building  construction,  the  span  lengths  of  continuous  beams 
do  not  vary  greatly  and  the  recommended  bending  moments  are 
entirely  satisfactory.  But  cases  sometimes  arise — such  as  the 
occurrence  of  unequal  spans,  spans  of  unusual  length,  and  in- 
stances of  heavy  concentrated  loading — which  require  special 
calculations  to  be  made,  and  the  writer  feels  that  the  student 
should  have  sufficient  grasp  of  the  method  of  figuring  continuous 
beams  to  be  able  to  cope  successfully  with  such  cases. 

The  continuous  beam  formulas  treated  in  the  next  article 
apply  to  beams  with  a  uniform  moment  of  inertia  throughout. 
Although  this  is  not  the  case  in  continuous  beams  of  reinforced 
concrete,  the  formulas  given  apply  directly  to  either  rectangular 
or  T-beams  having  approximately  the  same  amount  of  steel 
over  supports  as  at  the  center  of  span. 

68.  Beams  with  Uniform  Moment  of  Inertia. — ^As  explained 
in  Art.  54  of  Volume  I,  the  bending  moments  and  shears  of  con- 
tinuous beams  cannot  be  derived  from  the  principles  of  statics, 
but  they  may  be  determined  from  the  relation  which  exists  be- 
tween bending  moment  and  deflection  at  any  given  section  of  a 
loaded  beam.  The  position  taken  by  the  neutral  surface  imder 
loading  is  called  the  elastic  curve  and  the  deflection  at  any  given 
point  is  the  ordinate  between  this  curve  and  the  neutral  surface 
of  the  unbent  beam. 

An  attempt  will  be  made  to  give  a  general  outline  of  the  steps 
taken  in  the  derivation  of  the  theorem  of  three  moments — ^the 
theorem  by  which  continuous  beams  are  figured.  The  student 
who  understands  calculus  will  appreciate  the  method  in  its 
entirety,  but  it  is  thought  that  the  student  without  this  mathe- 
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matical  preparation  will  obtain  a  sufficient  idea  of  the  elements 
involved  to  be  able  to  appreciate  the  application  of  the  above- 
named  theorem.  For  the  student  who  has  already  studied  the 
methods  of  figuring  continuous  beams,  the  following  may  prove 
a  helpful  review. 

Consider  first  a  homogeneous  beam.  In  Fig.  280  let  Al  repre- 
sent the  original  distance  between  the  planes  ABCD  and  EFGH, 
or  the  distance  MS  in  the  figure.  Consider  a  filament  of  cross- 
sectional  area  A  A  (A  in  every  case  will  be  taken  to  mean  an 
extremely  small  part  of  the  total)  connecting  these  planes  at  a 
distance  r  above  the  neutral  surfac3.    In  the  part  of  the  beam 
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concave  upward  (the  case  shown)  the  filament  is  shortened  an 
amount  r  A<?,  expressing  the  angle  of  shortening  ( A<?)  in  circular 
measure.  Likewise  for  a  filament  similarly  placed  below  the 
neutral  surface,  there  is  a  lengthening  of  the  fibers  by  this  same 
amount.    The  unit  deformation  is  the  ratio  of  the  total  deforma- 


tion  to  the  original  length,  and  thus  equals 


AI 


The  unit  stress 


in  a  filament  is  the  product  of  the  unit  deformation  by  the 
modulus  of  elasticity,  or 


f=Er 


Al 


The  total  stress  on  a  filament  of  area  AA  is  the  product  of  the 
unit  stress  by  the  area;  that  is, 

total  stress  on  AA=Er-T-j  {AA) 


The  moment  of  thiis  stress  with  respect  to  the  neutral  axis  MN 
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is  the  product  of  the  total  stress  on  A  A  by  the  moment  arm  r,  or 

moment  of  stress  about  axis=J&r*  (AA)    .  » 

The  total  moment  of  all  the  filaments  which  make  up  the  beam 
is  the  summation  of  all  such  bending  moments  over  the  section 
ABCD.  By  the  definition  of  the  moment  of  iaertia  of  a  plane 
surface,  the  summation  of  r*(AA)  is  equal  to  J,  or 

M=EI^^  (1) 

In  a  reinforced-concrete  beam  the  /  for  steel  would  be  taken  n 
times  that  for  an  equal  area  of  concrete  situated  at  the  same 
distance  from  the  neutral  axis.  It  should  be  noted  that  AO  in 
the  above  equation  is  the  change  in  slope  of  the  tangent  to  the 
neutral  surface  in  the  length  AL 

Fig.  281  shows  the  neutral  surface  of  a  continuous  beam  with 
the  vertical  deflection  exaggerated.  A  point  will  be  chosen  with 
coordinates  x  and  y,  and  with  x  starting  from  the  support  A  at 
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the  left.  For  the  extremely  small  length  Al  along  the  neutral 
surface,  as  shown,  the  value  x  increases  by  the  amount  Ax  and 
the  deflection  diminishes  by  the  amount  Ay.  The  angle  0  may  be 
measured  from  any  fixed  line.  For  convenience,  we  shall  measure 
0  from  a  line  parallel  to  the  line  of  the  unbent  beam — that  is,  A  A . 
The  angle  6  is  then  the  angle  which  the  tangent  to  the  curved 
beam  makes  with  the  original  direction  of  the  beam.  The 
angle  A^  is  the  change  made  in  this  angle  for  an  extremely  short 

distance  Al  along  the  neutral  surface,  and   .  ,  is  the  rate  of  change 

of  the  angle  0  at  the  given  section. 

Referring  to  Fig.  281  it  is  seen  that  where  Ax  and  Ay  are  con- 
sidered extremely  small 

tan/?=^^  (2) 
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Also 

Ax^AlcosO  (3) 

and 

sec^     ^/       /Av\2  (4) 
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It  is  now  possible  by  calculus,  making  use  of  the  four  equations 
given  above,  to  obtain  an  expression  for  the  elastic  curve  by 
which  the  deflection  y  at  any  given  section  may  be  determined, 
provided  the  bending  moment,  modulus  of  elasticity,  and  moment 
of  inertia  at  this  section  are  known.  In  a  continuous  beam,  how- 
ever, moment  is  not  known  nor  can  it  be  found  directly.  Fortu- 
nately the  equation  for  the  elastic  curve  above  mentioned  gives 
us  the  necessary  help  to  find  the  moments  at  the  supports,  since 
for  one  thing  we  know  that  deflection  is  zero  at  these  points.  In 
fact,  we  have  been  discussing  deflection  only  in  order  to  express 
the  relation  of  the  moments  at  successive  supports  of  a  continu- 
ous beam  in  terms  of  the  length  of  the  intervening  spans  and  the 
loads  which  they  carry. 

To  indicate  in  a  general  way  how  this  may  be  done,  consider 
any  two  consecutive  spans.  The  equation  of  the  elastic  curve 
as  expressed  for  any  given  section  in  the  left  span  will  contain 
the  value  of  the  moment  at  the  left  support  modified  by  the  loads 
between  this  support  and  the  given  section.  Likewise  for  any 
^ven  section  in  the  span  to  the  right,  the  equation  of  the  elastic 
curve  includes  the  value  of  the  moment  at  the  middle  support 
modified  by  the  loads  between  this  support  and  the  section  in 
question.  Knowing  among  other  things  that  the  deflection  is 
zero  at  the  supports  and  that  the  rate  of  change  in  slope  of  the 
tangent  to  the  neutral  surface  at  the  center  support  with  respect 
to  both  spans  is  identical,  it  is  possible  to  derive  an  expression 
containing  the  moments  at  the  three  supports,  together  with  the 
lengths  of  the  two  intermediate  spans  and  their  loading.  This 
expression  is  known  as  the  theorem  of  three  moments.  In  beams 
of  uniform  moment  of  inertia,  as  assumed,  the  terms  E  and  / 
are  the  same  throughout  both  spans  and  they  cancel.  In  beams 
with  variable  moment  of  inertia,  however,  this  is  not  the  case  and 
a  very  complex  expression  results. 
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Theorem  of  Three  Moments 

By  means  of  the  theorem  above  mentioned,  the  moments  at 
the  supports  of  a  continuous  beam  may  be  deduced.  The 
theorem,  which  assumes  level  supports  and  uniform  section,  is 
in  its  general  form  as  follows  (Kg.  282) : 

Mil2+2Mz{l2+U)  +M^h  = 

--rP2?2^(fc-fc')--^PaiaH2fc-3fc2+fcS)     (5) 

As  above  expressed,  the  theorem  refers  to  the  spans  Af2— Afa 
and  Mz—Ma,  By  increasing  all  subscripts  by  unity  it  will 
refer  to  spans  Mz—Ma  and  Mi—Mi,  and  so  on.  Each  equation 
includes  one  new  moment  and  it  is  in  this  manner,  not  consider- 


~     T    T    r  r  t    T    t 

^2  Mj  M4        Ms       Me        -  M2  Mj  ^ 

Fig.  282.  Fig.  283. 

ing  beams  with  fixed  ends  for  the  present,  that  there  are  ob- 
tained as  many  equations  as  there  are  unknown  moments — the 
end  moments  being  known.  Where  there  is  no  overhang,  end 
moments  are  zero.  The  theorem  in  its  general  form,  as  given 
above,  applies  directly  to  concentrated  loads  and  i*  preceding 
the  last  two  terms  means  the  summation  of  these  terms  for  the 
various  loads  which  act  in  the  spans  considered.  The  value  of 
k  changes  for  each  load. 

Suppose,  for  example,  that  it  is  desired  to  write  an  equation 
for  span  M^—Mz  and  Mz—Ma,  Fig.  283,  with  loads  on  the  two 
spans  as  shown.  Then,  the  theorem  may  be  written  for  this  case 
as  follows : 

M2h+2Mz{l2+h)  +MAh  =  -Pih^k  -  fc»)  - 

P\h\k'-'k'')-Pzh^(2k''-3k''^+k''^). 

For  two  spans  uniformly  loaded,  the  theorem  has  the  following 
form: 

M2U+2Mz(12+Iz)+MaIz  =--'iw2h'''lwzlz'  (6) 

where  (^A  =  the  uniform  load  per  foot  in  span  KM •  If  there  is 
no  load  in  span  hf  then  W2  becomes  zero;  likewise  with  wz. 
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When  the  spans  of  a  continuous  girder  are  all  equal,  the  ex- 
pression for  concentrated  loads  becomes,  by  dividing  through  by 
the  length  of  span, 

and,  for  two  spans  uniformly  loaded  with  the  same  load  w  per 
linear  foot, 

M2+4M  8+M4  =  -iwl*  (8) 


ft  M 
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Mz  Mj 

^^ZYP-^ 


Mz 
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Fig.  284. 


(J) 


When  either  span  (or  both)  is  only  partially  covered  with  a 
uniform  load,  the  expression  for  the  theorem  to  the  right  of  the 
equality  sign  takes  other  forms.  Fig.  284  shows  the  various  cases 
which  may  arise,  and  below  are  given  the  corresponding  expres- 
sions.   If  no  load  occurs  in  a  span  considered  as  fully  loaded  in 
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the  figure,  then  the  term  in  the  theorem  to  the  right  of  the  equality 
sign  representing  this  span  becomes  zero.    The  proper  value  of  k 
is  to  be  substituted  in  each  case. 
Let  Mtli+2Mi(.li+U)+Mtli  be  denoted  by  r. 

Then    (a)  r=  -wtU* (^*-^)  -^to./.*. 

(b)r=  -Wih*[^—2+-^)  -^wth*. 

(c)  r=  --^Wil»*-wtlt*(k*-k*+'^). 

(d)  r=  -^w2U*-Wih*{l-k*+k*-^ . 

(e)  r  =  -W.»(|'-^)  -«,^,»(jfci»-jfci.+Y). 

(f)  r  =  -W,»(4-|V 4)  -W,»(4-fcx«+fci»--^-') . 

(g)  r=-wtU*(^^-~)  -w»h*{l-kr'+k,»-^). 

(h)  r  =  -i.A»(^-|*+*4')  -ii;,i.» (fc.«-fc.»+*^^) . 

(i)  r=  -i'P2i,«(jfc-Jfc»)  _«,3Z,»(^_jfci»+A:i»--]*). 

(j)  r=  -lP,l^{k-k')  -W2h'{^{-{)  -Iw^h'. 

The  student  should  notice  that  spans  similarly  located  and 
similarly  loaded  have  the  same  representative  term.  Cases  (i) 
and  (j)  are  given  to  show  how  concentrated  loads  may  be  con- 
sidered with  uniform  loads  and  the  student  should  be  able  to 
supply  the  terms  for  the  other  cases  of  such  a  combination. 

When  a  continuous  beam  has  fixed  ends  the  theorem  of  three 
moments  may  also  be  used  to  determine  the  bending  moments  at 
the  supports.  In  this  type  of  beam  there  are  two  more  unknown 
moments  then  where  the  ends  are  simply  supported.  An  additional 
span  should  be  considered  to  exist  at  each  end  of  such  beams. 
Then  two  more  equations  maybe  written  than  if  these  spans  were 
not  added.  After  the  equations  are  written,  the  lengths  of  the 
two  added  spans  are  made  zero  and  the  neutral  surface  becomes 
horizontal  at  the  ends  of  the  beam.  This  is  the  condition  of  the 
neutral  surface  at  fixed  ends  as  pointed  out  in  Art.  53  of  Volume  I. 

In  order  to  show  how  a  continuous  beam  may  be  figured  by 
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the  theorem  of  three  moments,  consider  a  beam  of  three  spans 
with  ends  simply  supported,  as  shown  in  Fig.  285(a).  The 
beam  is  loaded  with  a  uniform  load  over  the  entire  structure. 
The  equations  which  may  be  written  for  each  support  are  as 
follows  (see  formula  8)  : 

Mi+4M2+Mz=^^iwl^ 

Since  the  ends  of  the  beam  merely  rest  upon  the  supports,  Mi  = 
3/4  =  0.     Hence  the  two  equations  furnish  the  means  of  finding 


^' 2000 /b.  per  ft.  I    ^'ioootb.perff.  I 

•        -*-/  ^^         Ms         M4  Mo       Af,         Ms         */3        Ji^    *' 

Fig.  285. 

the  two  unknown  moments  Mt  and  Afa.  The  solution  may  be 
abridged  by  the  fact  that  Af2  =  Afj,  which  is  evident  from  the 
symmetry  of  the  beam  and  of  the  loading. 

Mt  =  Mt=--  ,'fftoZ*=  -64,800  ft.-lb. 

Taking  the  center  of  moments  at  Ri, 

18iEi-(2000)  (18)  (9)  =  -64,800 
/?  1  =  ^4  =  14,400  lb. 

With  the  center  of  moments  at  R3, 

14,400(36) +i22(18)  -  (2000)  (36)  (18)  =  - 64,800 
«2  =  i?j= 39,600  lb. 

Now  that  the  reactions  are  all  known,  the  shears  and  moments 
at  any  section  may  be  determined  in  a  manner  similar  to  the 
ordinary  beam. 

Consider  the  ends  of  the  beam  to  be  fixed  (Fig.  285-6).     The 
equations  become  by  formulas  (6)  and  (8) 

Md^+2Mi{U+h)+Mil=  -\wl* 
Mi+4M2+M,=  -i«)P 

Ms+4M,-|-JJf4=-M* 
JW3J+2M4(i+r)+iWr=  -Jmj/» 


M' 
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Now,  Mo  and  M'  are  zero  since  the  ends  are  supposed  to  merely 
rest  upon  the  supports.  Also,  by  making  Zo  =  0  and  Z'  =  0,  the 
equations  become 

2Mi+M2=^-lwP 
Mi+AMi+Mz^-hwl^ 
Mt+4Mz+MA-=-'iwl^ 
Mz+2M4=^'-iwP 

Solving  these  equations: 

Mi  =  M2  =  M,  =  M4=  -i^jii;Z'=  -54,000  ft.-lb. 
/2i= 724  =  18,000  lb. 
122  =  123  =  36,000  lb. 

For  simple  beams,  the  determination  of  shear  (V)  and  moment 
(M)  for  any  special  section  is  easily  accomplished,  as  the  left 
reaction  can  be  readily  found  for  any  given 
loads.  For  continuous  beams,  however,  it 
is  not  always  such  a  simple  matter,  especi-  _ 
ally  when  a  beam  has  fixed  ends.  Let  Fig.  "'^  '  |'" 
286  represent  one  span  of  a  continuous  beam.        '  ^^  ^'' 

Let  V  be  the  shear  for  any  section  at  the  dis- 
tance X  from  the  left  support,  and  F'  the  ^^'  286. 
shear  at  a  section  infinitely  near  to  the  left 
support.    Also  let  i'Pi  denote  the  simi  of  all  the  concentrated 
loads  on  the  distance  x,  and  wx  the  uniform  load.    Then 

V  =  V'-wx-lPi. 

Hence  the  shear  V  can  be  determined  for  any  section  in  the  span 
as  soon  as  V  is  known. 

Since  the  shear  V  in  Fig.  286  is  equal  to  the  resultant  of  all 
the  vertical  forces  on  the  left  of  a  section  taken  at  the  right  of 
the  left  support,  let  r  be  the  distance  of  the  line  of  action  of  that 
resultant  to  the  left  of  that  support.  Then  the  moment  at  any 
section  is 

M  =  V'{r+x)'-wx.ix'-iPi(x''kl). 

But  the  quantity  V'r  is  the  resultant  moment  of  all  the  forces  to 
the  left  of  the  left  support,  with  respect  to  that  support,  and 
equals  M\    He£ce 

M^M'+V'x-  iwx^  -  iPi(x  -  kl)  (9) 

from  which  M  can  be  found  knowing  M'  and  V\ 
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The  shear  F'  may  be  easily  determined  if  Af '  and  ilf  are  known. 
Thus  in  (9)  make  x  =  ly  then  M  becomes  M",  and 

Af"— M' 
V'^~-    ~+hwl+iPi(l'-k)  (10) 


Uniform  Load  over  All  Spans 

In  Fig.  287  are  given  the  moments  in  continuous  beams  for  a 
uniform  load  over  all  spans.  Supported  ends  and  equal  spans 
are  assumed.    The  shears  on  each  side  of  the  supports  are  given 


070  '..^^^^./PS  ^%7<-^^ 


030-  I  2  y^OPS     3         0^Q 

.077:  *  2  8  *      •••"^ 

.07tf-.,  I  2  3  4  8  6     ...^^ 

/^7>?  1  2  3  4  0  6  7    ,..07S 

FiQ.  287. — Moments  in  continuous  beams;  supported  ends;  uniform  load 
on  all  spans;  spans  all  equal.     Coefficients  of  (wl^). 


in  Fig.  288.  The  reaction  at  any  given  support  is  the  simi  of 
the  two  shears  at  that  support. 

The  maximum  moments  at  (or  near)  the  center  of  many  of  the 
interior  spans  are  not  given,  as  they  are  small  and  do  not  vary 
greatly  from  those  given  for  the  continuous  beam  of  four  spans. 
Maximum  positive  moment  occurs  for  zero  shear  as  in  simple 
beams. 

In  continuous  beams  with  fixed  ends,  and  with  imiform  load 
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and  equal  spans  (the  same  as  above),  the  maximuin  positive 
moment  occurs  at  the  center  of  each  span  and  its  value  in  every 

case  is  24'    The  negative  moment  over  each  support  equals  ^^ 

Shears  close  to  the  supports  are  all  equal  with  a  value  of  i  wl. 


Fixed  and  Moving  Concentbated  Loads 

Data  sheets  1  to  7  inclusive  give  the  preliminary  work  which  is 
necessary  for  the  plotting  of  influence  lines^  for  continuous  beams 
— both  fixed  and  supported  ends.     The  tables,  which  are  made 
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Fio.  288. — Shears  in  continuous  beams;  supported  ends;  uniform  loads 
on  all  spans;  spans  a]l  equal.     Coefficients  of  {wl). 


out  for  10-ft.  spans,  are  needed  for  the  convenient  plotting  of 
results.  Figs.  289  to  293  inclusive  are  the  corresponding  influ- 
ence lines.  Continuous  beams  of  one,  two,  and  three  equal 
spans  and  any  span  length  may  be  figured  for  concentrated  loads 
by  means  of  these  lines  as  hereafter  explained. 

^  Influence  lines  are  treated  in  "The  Element!  of  Structures.** 
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DATA  SHEET  NO.  1 

One  Span — Fixed  Ends 
Concentrated  load  as  shown. 


Ma 


-  I 


^ 


^B 


3fi=-PiA;(l-2ik4-ifc«) 
/?2=PA;«(3-2ik) 


Spans,  10  ft.     Load,  unity 


Values  of  k 


Ml 


0.1 


0.2 


-0.810-1.280 


0.3 


0.4  0.45        0.5     I     0.6 


0.7  0.8  0.9 


-1.470  -1.440  -1.363  -1.250-0.960-0.630  -0.320| -0.000 


Rv 


0.972      0. 


0.784i     0.648      0.575      0.500      0.362      0.2161     0.104      0.028 
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DATA  SHEET  NO.  2 

TxDO  Spans — Supported  Ends 
Concentrated  load  on  left-end  span  as  shown.    Let  B  denote  the  quantity 

(A:-fc») 


I  '■  ^ 4< ^ ^ 


0.1 


ift    -0.247 


Spans,  10  ft.     Load,  unity 


0.2  0.3     I     0.35 


Values  of  k 


0.4  0.45  I     0.5 


0.6  0.7 


0.8 


1             '             ^             '  !  '  , 

-0.480  -0.682 -0.840 ! -0.937  -0.960  -0.892  -0.720 


0.9 


-0.427 


Ri 

0.875 

0.752j 

0.632 

0 

573 

0.516 

0.460 J 

0.406 

0.304 

0.211 

0.128 

0.067 

Ri 

0.149 

0.296' 

0.437  . 

0.568J. 

0.687 

0.792 

0.879J 

0.944 

0  985 

i 

Ri 

-0.025' 

-0.048 

-0.068  . 

-0.084  . 

-0.094 

-0.096 

-0.089; 

-0.072 

-0.043 
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DATA  SHEET  NO.  3 


Ttoo  Spans — Fixed  Ends 


Concentrated  load  on  leCt-end  span  as  shown.    Let  A  denote  the  quantity 
(2kSk*-\-k^)  and  let  B  denote  the  quantity  {k-k*) 


Mi=-§(7A-2B) 

M,=yU-2B) 

Mt=-~U-2B) 


fi,=PA;-P(A-B) 


Spans,  10  ft.    Load,  unity 


Values  of  k 


0.1 

0.2 
-1.360 

0.3 
-1.627 

0.4 

0.46 

0.6 

0.55 

0.6 

0.7 

0.8 
-0.640 

0.9 

Ml 

-0.832 

1        !        1 

-1.6801-1. 639  -1.562,-1.464 

1                              1 

-1.320  -0.997 

-0.292 

Mt 

-0.046 

-0.160 

-0.316 

-0.480 

-0.626 

-0.720 

-0.736 

-0.640 

-0.405 

Mt 

0.023 

0.080 

0.167 

0.240 

0.312 

0.360 

0.367 

0.320 

0.202 

Ri 

0.979 

0.920 

0.831 

0.720 

0.668 

0.594 

0.627 

0.460 

0.326 

0.200 

0.069 

Ri 

0.028 

0.104 

0.216 

0.362 

0.500 

0.648 

0.784 

0.896 

0.972 

fit 

-0.007 

-0.024 

-0.047 

-0.072 

-0.094 

-0.108 

-0.110 

-0.094 

-0.061 
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DATA  SHEET  NO.  4 

Three  Spans — Supported  Ends 
Concentrated  load  on  left-end  span  as  shown.    B  as  before. 


i  M2 Ml 

H. .  J t i 


If,  1^2 


PI 
«,-P(l-*)-^P(B) 


*-•-- 

^J 

-  * H 

R, 

=Pk+lp(B) 

R* 

^-Ip(B) 

ft«. 

=S(^) 

Spans,  10  ft.    Load,  unity 


Values  of  k 


Mt 

0.1 
-0.264 

0.2 
-0.612 

0.3 
-0.728 

0.35 

0.4 
-0.896 

0.45 


0.5 
-1.000 

0.6 
-1.024 

0.7 
-0.952 

0.8 

-0.768 

0.9 
-0.456 

M% 

0.066 

0.128 

0.182 

1     0.224 



0.250 

0.256 

0.238 

0.192 

0.114 

Rx 

0.874 

0.749 

0.627 

0.568      0.510 

0.454 

0.400 

0.298 

0.206 

0.123 

0.054 

Rt 

0.159 

0.316 

0.464 

1     0.602 

0.725 

0.830 

0.914 

0.973 

1.003 

R% 

-0.040 

-0.077,-0.109 

1-0.134 

-0.150 

-0.154 

-0.143  -0.115J -0.068 

R% 

0.007 

0.0131     0.018 

0.022. 0.025 

0.026 

0.0241     0.019 

1 

0.011 
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DATA  SHEET  NO.  5 

Three  Spans — Supported  Ends     (Continued) 
Concentrated  load  on  center  span  as  shown.     A  and  B  as  before. 


V"  ^ •>l<- •  -^ >l< -^  -  J 

^1  ^2  R3  ^ 


^4 


3f,.'-§(4^— B) 


3f,' 


n 

15 


(A-4B) 


i2i«-j5(4A-B) 


/2,=P(l-ik)-|-^(3A-2B) 
/?,=PA;-^(2A-3B) 
i24  =  ^(A-4B) 


Spans,  10  ft.     Load,  unity 


Values  of  k 


0.1 

0.2 

0.3 

0.4 

0.45 

0.6 

0.6 

0.7 

0.8 

0.9 

Mt 

-0.390 

i                               1 
-0.640-0.770  -0.8001-0.784 

-0.750 

-0.640 

-0.490 

-0.320  -0.150 

Mt 

-0.150 

-0.320 

-0.490-0.640 

-0.701 

-0.75o!-0. 800; -0.770 

-0.640 

-0.390 

Rx 

-0.039 

-0.064 

-0.0771-0.080 

-0.078-0.075-0.064 

1               1 

-0.049 

-0.032 

-0.015 

Ri 

0.963|     0.896 

0.805 

0.696:     0.637|     0.575      0.448 

0.321 

0.200 

0.091 

R$ 

0.091|     0.200      0.321 

0.448 

1 

0.5751     0.696 

0.805 

0.896 

0.963 

Ri 

-0.016 

-0.032 

-0.049 

-0.064 

-0.075 

-0.080 

-0.077 

-0.064 

-0.039 
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DATA  SHEET  NO.  6 

Three  Spans — Fixed  Ends 
Concentrated  load  on  left-end  span  as  shown.      A  and  B  as  before. 


PI 


3/i=-^g(26ii-7B) 


3/i=-^gPZ(A-2B) 


M4=2(A~2B) 


JKi=P(l-fc)  +  jg(llA-7B) 
i28=PA:-^(14A-13B) 
i2,=  ™P(A-2B) 


/?4=-i5(A-2B) 

Spans,  10  ft.     Load,  unity 
ValuM  of  A: 


0.1 


0.2 


0.3 


0.4 


0.45  ;     0.6 


0.56  I     0.6 


0.7 


0.8 


0.9 


Mx 

-0.834 

-1.366| 

- 1 . 638 

-1.674 

-1.6681-1.683  ■ 

-1.4771-1.344 

-1.022^ 

-0.661 

-0.306 

M% 

-0.042 

-0.149' 

-0.294 

-0.448  . 

1-0.683  . 

-0.672 

-0.686 

-0.697i 

1 

-0.378 

Mt 

0.012 

0.043 

0.084 

0.128  . 

1     O.I67!. 

0.192 

0.196| 

0.17l| 

0.108 

M, 

-0.006 

-O.O21I 

-0.042 

-0.064!. 

-0.083!. 

1 

-0.096 

-0.098J 

1 
-0.085  ■ 

-0.064 

fii 

0.979 

0.922 

0.834 

0.726, 

0.6641     0.600 

0.634      0.467 

0.334 

0.206, 

0.093 

fii 

0.026 

0.098, 

0.203 

0.333'. 

1     0.476. 

0.619 

0.766 

0.870' 

0.966 

R» 

-0.007 

-0.026 

-0.060 

-0.077  . 

1 

'-0.100  . 

-0.116 

-0.118' 

-0.102J- 

-0.066 

Ri 

0.002 

0.006 

0.013 

0.019  . 

1 

0.026|. 

0.029i 

1               1 

0.029 

1 
0.026 

0.016 

27 
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DATA  SHEET  NO.  7 

Three  Spans— Fixed  Ends     (Continued) 
Concentrated  load  on  center  span  as  shown.    A  and  B  as  before. 


L....  ^  .....X ^  .....>L-.~  ^ J 

AV  ^  ^j  ^ 


M4=-J'5(2A-7B) 


iii=-f5(7A-2B) 
i22=P(l-ik)+^(13A-8B) 
i?,=PA:-^(8A-13B) 
/?4  =  ^(2A-7B) 


Spans.  10  ft.    Load,  nuity 


Values  of  k 


0.1 
0.222 

0.2 
0.363 

0.3 

0.4 

0.46 

1 
0.5          0.6          0.7 

^     !                   ~~ 
0.417      0.362      0.266 

0.8 

0.9 

Ml 

0.434      0.44d  

0.171 

0.078 

Mt 

-0.444 

-0.726 

-0.868| -0.896  -0.874 

-0.833 

-0.704 

-0.632!-0.342 

-0.156 

Mt 

-0.166 

-0.342 

-0.532 

-0.704 

-0.776 

-0.833 

-0.896 

-0.868 

-0.726 

-0.444 

Mi 

0.078 

0.171 

0.266 

0.352 

0.417 

0.448 

0.434 

0.363 

0.222 

Ri 

-0.06?' -0  109 

-0.130 

-0.134 

-0.131 

-0.126 

-0.102 

-0.080 

-0.051 

-0.023 

Rt 

0.995 

0.947 

0.864 

0.754 

0.691 

0.626 

0.486 

0.346 

0.213 

0  095 

R» 

0.095 

0.213 

0.346 

0.486 



0.625 

0.764 

0.864 

0.947 

0.995 

Ri 

-0.023 

-0.061 

-0.080 

-0.102 

-0.126 

-0.134 

-0.130 

-0.109 

-0.067 
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Read  down  for  B  -  (Jb  -  ifcs) 


ValuM  of  (k-k')  and  (2k^Zki+k*) 


0 

1 

2 

3 

4 

6 

6 

7 

'  s" 

9 

1 

0.00.0000 

0100 

0200 

0300 

0309 

0499 

0698 

0697 



0796 

O893' 

1 
0990  0.9 

0.10.0990 

1087 

1183 

1278 

1373 

1466 

1669, 

1661 

1742 

1831, 

1920 

0.8 

0.2  0.1920 

2007 

2094 

2178 

2262 

2344 

2424' 

2603 

2680 

2666| 

2730 

0.7 

0.3  0.2730 

2802 

2872 

2941 

3007 

3071 

3134 

3193 

3261 

3307 

3360  0.6 

0.4{0.3360 

3411 

3469 

3606 

3648 

3689 

3627 

3662 

3694 

3724' 

3760  0.6 

0.5  0.3760 

3773 

3794 

3811 

3826 

3836 

38441 

3848 

3849 

38461 

3840  0.4 

0.6  0.3840 

3830 

3817 

3800 

3779 

3764 

3726, 

3692 

3666 

3616; 

3670'  0.3 

0.7  0.3670 

3621 

3468 

3410 

3348 

3281 

3210 

3136 

3064 

2970 

2880,  0.2 

0.8  0.2880 

2786 

2686 

2682 

2473 

2369 

2239' 

2116 

1986 

1860 

1710'  0.1 

0.9;0.1710 

1664 

1413 

1266 

1094 

0926 

0763^ 

0673 

0388 

0197 

0000  0.0 



9 

8 

7 

6 

6 

4 

1 

3 

2 

1 

0 

R«ad  up  for  A  -  i2k-3k*-\-k*) 

The  equations  given  on  the  Data  Sheets  were  all  obtained  by 
means  of  the  Theorem  of  Three  Moments.  The  table  which 
follows  the  Data  Sheets  helps  materially  in  solving  these  equa- 


Momeni-  at^M" 


Momeni" 
over 
End  Support 


End  Reaction 
and 
End  Shear 

Fig.  289. — Influence  lines  for  one  span,  fixed  ends.     (Spans,  10  ft.     Load, 

unity.) 

tions  for  given  values  of  A;.  To  the  maximum  values  of  the 
fimctions  determined  for  the  live  concentrated  loads  must  be 
added  the  effect  of  the  dead  load  (uniform  load  over  all  spans, 
Figs.  287  and  288)  in  order  to  obtain  the  total  maximum  values. 
No  matter  where  the  maximum  positive  moment  occurs  in  a 
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given  span  of  a  continuous  beam  it  is  sufficiently  accurate  to  add 
the  maximum  positive  dead-load  moment  in  that  span. 
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Fig.  290. — Influence  lines  for  two  equal  spans,  supported  ends.     (Spans, 
10  ft.    Load,  unity.) 
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Fig.  291. — Influence  lines  for  two  equal  spans,  fixed  ends. 

Load,  unity.) 


(Spans,  10  ft. 
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Fig.  292. — Influence  lines  for  three  equal  spans,  supported  ends.     (Spans, 
10  ft.    Load,  unity.) 
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9C0V 
/ZCX) 
2PO0 
^90  0 
£90  0 
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S80  0 
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Fig.  293. — Influence  lines  for  three  equal  spans,  fixed  ends.     (Spans,  10  ft. 

Load,  unity.) 
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In  using  influence  lines  for  concentrated  loads,  the  section 
where  maximum  positive  moment  occurs  in  any  span  of  a 
continuous  beam  must  be  determined  by  trial.  The  sections 
chosen  in  plotting  the  influence  lines  will  cover  all  ordinary  cases 
and  are  sufficiently  close  together  to  give  accurate  enough  results 
even  if  the  true  maximum  occurs  between  these  sections. 

It  should  be  clear  to  the  student  from  "The  Elements  of 
Structures,"  just  how  the  maximimi  values  of  the  functions  may 
be  obtained  by  means  of  these  influence  lines  when  the  spans 
are  approximately  equal  and  10  ft.  in  length — both  for  fixed  and 
moving  concentrated  loads,  and  load  systems  such  as  locomotive 
wheel  loads  on  bridges.  In  the  case  of  a  load  system,  if  all  the 
loads  are  a  whole  number  of  feet  apart,  the  ordinates  given  may 
be  employed  directly  to  determine  the  values  of  the  maximum 
functions.  If  this  is  not  the  case  it  may  be  necessary  to  lay  off 
a  horizontal  line  to  represent  the  length  of  the  structure  to  a 
larger  scale  than  that  used  in  the  text  and  then  erect  the  ordinates 
at  the  given  points.  If  the  loads  are  then  plotted  on  the  edge 
of  a  separate  strip  of  paper,  the  distances  apart  of  the  loads  to 
the  same  scale  as  the  length  of  the  structure,  then  the  strip  can 
be  moved  along  the  structure  and  the  successive  values  of  the 
function  determined  by  scaling  to  the  influence  line. 

Suppose  now  the  span  length  is  other  than  10  ft. — say  14  ft. 
Then  it  will  be  necessary  to  plot  the  distances  apart  of  the  loads 
only  ten-fourteenths  of  the  actual  distance,  and  to  the  same 
scale  as  before.  The  influence  lines — namely,  length  of  base-lines 
and  values  of  the  ordinates — should  not  change.  Now  by  moving 
the  load  strip  as  above  plotted  along  the  influence  line,  the  true 
maximum  value  of  the  function  under  consideration  may  be  de- 
termined. In  case,  however,  the  function  is  that  of  moment, 
the  value  as  thus  obtained  should  be  multiplied  by  1.4  in  order 
to  apply  to  the  14-ft.  span. 

Influence  lines  for  continuous  beams  are  not  a  series  of  straight 
lines  as  in  the  case  of  simply  supported  structures,  but  consist 
of  arcs  of  curves.  The  value  of  a  function  should  thus  be 
computed  for  small  changes  in  the  position  of  the  loads,  but 
such  computations  need  not  be  made  for  successive  positions 
along  the  entire  length  of  the  structure.  In  each  case  there 
will  arise  limiting  positions  of  the  load  beyond  which  it  will  be 
clear  that  no  maximum  can  be  obtained. 
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Pboblbbis 

18.  Assume  a  continuous  beam  of  two  15-ft.  spans  and  with  fixed  ends. 
Find  the  moment  over  the  center  support  for  10,000-lb.  loads  at  the 
quarter  points  in  each  span. 

19.  A  continuous  beam  of  three  15-ft.  spans  and  supported  ends  is  subject 
to  a  moving  load  of  25,000  lb.  anywhere  along  its  length.  Find  the 
maximum  moment  and  maximum  shear  which  may  occur  on  this  beam. 

20.  Solve  Problem  19  assuming  two  moving  loads  of  25,000  lb.  each,  5  ft. 
apart. 


Moment 


,0.96  wl' 


0.63  wZ^ 


Shear 


Supported   Ends 


..054^^" 


Moment^ 


.,021  wt^ 


Y-.l04we^         ",04?rv€^ 


■lw€ 


Shear 


^^ 


l^^ 


Fixed  Ends 
Fio.  294. — Moving  uniform  load,  two  equal  spans. 

Moving  Uniform  Loads 


If  a  uniform  load  is  considered,  the  influence  lines  indicate 
the  spans  which  should  be  loaded  in  order  to  obtain  the  maximum 
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values  of  the  given  functions.  Fig.  294  represents  the  variation 
in  moment  and  shear  for  a  uniform  load  on  one  span  of  a  beam 
of  two  equal  spans,  both  fixed  and  supported  ends.  Figs.  295, 
296,  and  297  give  values  for  various  loadings  with  three  equal 
spans. 

To  illustrate  the  effect  of  loads  on  various  spans  upon  the 
bending  moments,  influence  lines  have  been  drawn  for  six  equal 


¥,  w Ib.per lin.-Ff. 
\^B 


Rz 


Ml    w Ibper lin.f): 


R3 


/?4 


Moment 


Shear     t  ^-v.  , ll 1 — _::::i.,- , 

Supported   Ends 


Moment 


5  near 


•\053w£^ 


^,«>P^.-f>^ 


76 


f^wi 


"=^^Fi 


l:^ 


R2''f^3'  ^y^ 


57  Af^ 

76 


'^^^ 


Fixed    Ends 
FiQ.  295. — Moving  uniform  load,  three  equal  spans. 


^pariP  (Fig.  298),  for  moments  at  the  centers  of  span  1-2  and  3-4, 
anrl  at  supports  2  and  4.  A  maximum  moment  at  the  center 
of  a  span  requires  each  alternate  span  to  be  loaded,  and  a  maxi- 
mum moment  at  the  support  requires  the  two  adjacent  spans  to 
be  Joadcd  and  then  each  alternate  span.  The  effect  of  loads  on 
remote  spans  is  seen  to  be  sjnall.     Influence  lines  are  not  drawn 


I 
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for  shears  since,  in  a  large  number  of  spans,  the  shears  do  not 
differ  greatly  from  those  in  simple  beams. 

Maximum  Moments  from  Uniform  Loads 

If  we  consider  now  the  maximimi  moments  which  may  be  ob- 
tained in  continuous  beams  for  uniform  fixed  and  moving  loads, 
it  is  quite  evident  from  the  table  on  page  373  (which  explains 


u,  wlb.perlin.ft:., 

|< ^ >|< ^  .. -4<... ^ J 


.075  w<^ 


Moment 


Shear 


oso  w€^ 


■.oso  W- 


So' 


BO 


Moment 


Supported  Ends 


'.056  W-i^'' 


y'.oea  w£^ 
Rf^P4^-]^we 


Shear 


i^^-^^ 


^^<^-i^e 


Fixed  Ends 
Fia.  296. — Moving  uniform  load,  three  equal  spans. 


itself)  that  the  maximum  positive  and  negative  moments  do  not 
vary  greatly  in  the  several  spans,  with  the  exception  of  the  end 
span  and  the  adjoining  support.  For  the  immediate  spans,  the 
greatest  value  for  the  several  spans  is  given  in  each  case.  Only 
beams  with  supported  ends  are  considered  in  the  table  as  it  is 
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clear  that  these  values  control.  This  is  entirely  on  the  safe  side 
since  we  know  that  the  ends  of  continuous  beams  in  reinforced- 
concrete  building  construction  are  fixed  to  some  extent  in  nearly- 
all  cases.  It  should  be  noted  that,  for  beams  of  five  or  more  spans, 
the  maximimi  moments  are  but  little  affected  by  the  number  of 


MomenT 


Shear 


Moment 


Shear 


.073  we^  ,0S3wi^ 


P4-'ioyr€ 


so 


Supported  Ends 
.039  wi^        ,.056  yy€^ 


.022  wi 


180 


Fig.  297.- 


/80 

Fixed  Ends 
-Moving  uniform  load,  three  equal  spans. 


spans.  In  the  case  of  several  spans,  it  has  been  assumed  in 
calculating  positive  moments  for  many  of  the  values  of  the  table 
that  the  maximum  moment  at  the  center  of  the  span  is  the  maxi- 
mum desired.  This  is  sufficiently  close  to  the  truth.  The  two- 
span  beam  may  well  be  treated  as  a  special  case. 
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a      c  b     d 

T        7        1^ 


Fig.  298. 


MAXIMUM  MOMENTS  IN  CONTINUOUS  BEAMS;  SUPPORTED 
ENDS;  UNIFORM  FIXED  AND  MOVING  LOADS 


Coefficients  of  (u?^*) 


Intermediate  q;)aii8  aztd  supporta 


No.  of  q;)ana 


At  center 

of  q;)fln 

(+) 


At  support 


End  span  and  second  support 


At  center 

of  span 

(+) 


At  support 


I  Fixed  I  ^°^"  I  Fixed      Moving      Fixed  i   '^^J'  ^^•^  i    Moving 


load 


ing 
load 


Mov-, 


load 


load 


load 


ing 
load 


load  I       load 


I 


Two , I ' 0.070    0.096    0.125 

Three 0.026',  0.076 0.080,  0.101|  0.100, 


Four I  0.036'  O.OSr  0.071 

Five 0.046|  0.0861  0.079 

I     ! 

Six I  0.043    0.084|  0.086 

Seven j  O.G^  0.084!  0.086 


0.107    0.0771  0.098  0.107 


0.111  0.078  0.099  0.105 
(0.106)1       '      i 

0.116  0.078  0.099  0. 106| 
(0.106)»                '  t  I 

0.114  1  0.078  0.099  0.106 
(0.106)»  I 


0.125 
0.117 
0.120 

C0.116)» 
0.120 

(0.116)» 
0.120 

(0.116)1 
0.120 

(0.116)1 


1  Where  two  adjacent  spans  only  are  loaded. 
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The  fixed  load  coeflScients  will  apply  to  the  dead  load  when 
finding  the  maximum  coefficients  due  to  a  moving  unifonn  load 
— the  case  we  ordinarily  have  to  deal  with  in  building  construc- 
tion. Inasmuch  as  the  theoretical  maximimi  moments  in  con- 
tinuous beams  of  five  or  more  spans  would  involve  unreason- 
able assimiptions  as  to  position  of  the  live  loads,  the  following 
values  of  moment  coefficients  may  be  taken: 


Nature  of  load 


Intermediate  spans 
At  center  At  support 


End  spans 


At  center 


At  support 


t  ; 

Dead  load 0.046  0.086  0.080  0.107 

(twospans) ; (0.070)  (0.125) 

Lire  load 0.086  0.107  0.101  0.117 

(two  spans) (0.006)  (0. 126) 


Combining  the  dead  and  live  loads  into  a  single  unit  for  the 
purpose  of  determining  general  moment  coefficients  which  will 
apply  to  all  ordinary  cases,  we  obtain  the  following: 


Intermediate  spans 

End 

spans 

Ratio  of  live  to  dead 

- 

} 

- 

At  center  • 

At  support 

At  center 

At 

support 

1 

Three  or  more  spaofe 

2:  1 

6:  1 

10:  1 

0.073 
0.079 
0.082 

0.100 
0.104 
0.105 

1 

0.094 

0.008 

1           0.099 

1 
1 

1 

1 

1 

0.114 
0.115 
0.116 

Two  spans 
2  :  1 

; 

0.087 

,           0.092 

0.093 

1 

0.125 

1 
5  :  1 

0.125 

10:  1 

1 

1 

0.125 

In  continuous-beam  computations,  the  beam  is  assumed  as 
freely  supported  at  the  interior  supports  and  the  assumption  is 
made  that  the  supports  are  of  no  appreciable  width.  For  beams 
in  concrete  construction,  therefore,  the  coefficients  in  the  second 
column  of  the  above  table  should  be  reduced,  and  could  very 
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well  be  taken  equal  to  those  in  the  first  column.  The  live  load 
will  generally  range  from  two  to  five  times  the-  dead  load,  but 
the  ratio  of  10:1  is  given  to  show  the  slight  variation  in  moment 
coefficients  for  ratios  above  5:1. 

From  a  study  of  the  table,  reducing  the  bending-moment 
coefficients  at  the  interior  supports  as  above  proposed,  it  is  seen 
that  the  bending  moment  at  the  center  and  at  the  support  for 

interior  spans  may  be  taken  at  ^^  (0.083  toi'),  and  for  end  spans 

it  may  be  taken  at  -ttt  for  center  and  adjoining  support,  where  w 

includes  both  dead  and  live  loads.  In  the  case  of  two  spans 
only,  the  bending  moment  at  the  center  support  may  be  taken 

at  -^,  and  near  the  middle  of  the  span  at  -ttt- 

The  shear  at  each  support  of  continuous  beams  with  fixed  ends 
may  be  taken  at  one-half  the  span  load.  If  the  ends  are  simply 
supported,  the  shear  in  the  end  spans  near  the  second  support 
will  be  approximately  0.6  wL 

Beam  Concentrations 

Figs.  299  to  302  inclusive  give  the  shears  and  moments  caused 
by  beam  concentrations  on  continuous  girders.  The  girder  spans 
are  assumed  equal  and  the  ends  of  the  girders  as  simply  supported. 
In  girders  with  fixed  ends  and  with  full  loading  as  shown  in  Fig. 
299,  the  maximum  positive  moment  for  loads  at  the  middle  points 
is  the  same  as  the  maximimi  negative  moment  and  equals  0.125 
PI  in  every  case.  For  loads  at  the  third  points,  the  maximum 
positive  moment  is  0.110  PZ  and  the  maximum  negative  moment 
is  exactly  twice  this  value.  For  loads  at  the  middle  and  quarter 
points,  the  maximum  positive  moment  is  0.187  PI  and  the  maxi- 
mum negative  moment  is  0.313  PL  The  maximum  shears  in  all 
cases  are  the  same  as  in  simple  beams. 

In  the  following  table  are  given  the  maximum  positive  and 
negative  moments  due  to  beam  concentrations.  Ends  of  beams 
are  assumed  as  simply  supported. 

It  is  quite  evident  that  the  variation  of  moment  coefficients  is 
very  nearly  the  same  as  shown  in  the  table  previously  given  for 
uniform  loads. 
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MAXIMUM    MOMENTS   IN   CONTINUOUS    GIRDERS   DUE    TO 
BEAM  CONCENTRATIONS;  SUPPORTED  ENDS 
CoeflScients  of  (PI) 


No.  of  spim 


Loada  at  middle  pointa 

Two 

Three 

Five 


Intermediate  spana  and 
supporta 


End  span  and  second 
support 


At  center 

of  BJPAU 

(+) 


At  support 


(-) 


I  Fixed 
I  load 


0.100 
0.130 


Mov- 
load 


Fixed 
load 


0.175 
0.191 


Moving 
load 


At  center 

of  span 

(+) 


At  support 


(-) 


Fbed 
load 


0.156 

0.176 

0.119!  0.166»      0.171 


Mov- 

Ing 

joad 

0.203 
0.213 
0.211 


Fixed 
load 


0.187 
0.150 
0.158 


Moving 
load 


0.187 
0.175 
0. 174» 


Loads  at  third  points 

Two 

Three 

Five 


0.066 
0.122 


0.200 
0.228 


0.211;  0.276* 


0.222 

0.278 

0.244 

0.289 

0.240 

0.286 

0.333 
0.267 
0.281 


0.333 
0.311 
0.309> 


Loads  at  middle  and 
quarter  points 

Two 

Three 0.128 

Five 0.204 


I 


0.267:  0.383 

0.312j I  0.3141  0.406 

0.352'  0.296!  0.389*    |  0.3031  0.401 


0.465 
0.372 
0.394 


0.465 
0.438 
0.4351 


By  similar  reasoning  to  that  employed  in  deriving  moment 
coeflScients  for  uniform  loads,  we  obtain  the  following  values: 


Nature  of  load 


Intermediate  spans  '[  End  spans 

I  At  center  'At  support   At  center   At  support 


Loads  at  middle  points 

Deadload 0.130     ,       0.119     ,  0.175 

(two  spans) (0. 156) 

Live  load 0.191  0.156  0.213 

(two  spans) (0. 203) 

Loads  at  third  points 

Deadload 0.122  0.211     ,  0.244 

(two  spans) |  (0. 222) 

Liveload '       0.228  0.276     |  0.289 

(two  spans) t  (0.278) 

Loads  at  middle  and  quarter  points 

Deadload 0.204  0.296  0.314 

(two  spans) '  (0. 267) 

Liveload 0.352  0.389     ,  0.406 

(two  spans) (0.383) 

1  Tvo  adjacent  q;)ans  only  are  loaded. 


0.158 
(0. 187) 

0.175 
(0.187) 


0.281 
(0. 333) 

0.311 
(0.333) 


0.394 
(0.465) 
0.438 
(0.465) 
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Loads  at  Middle  Points 
P       P  P       P 


.77-..C 


W'' 


.72     .240  .107 


2$7 
■127 


267        ' ^".73 


'  J.OO 
yf^  V-^  - 1  .0^^  .p75   !  '  ^-^^ 


/.(?(?  7c?7 

Loads  at  Third  Points 


7.?5 


^7.$9 


1.40  1.50 

Loads  at  Middle  and  Quarter  Points 


i.eo 


ill. 


Fio.  299. — Moments  and  shears  in  continuous  beams;  supported  ends; 
spans  all  equal;  concentrated  loads  as  shown.  Coefficients  of  (PZ)  for  mo- 
ment.   Coefficients  of  (P)  for  shear. 
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Combining  the  dead  and  live  loads  into  a  single  unit  for  the 
purpose  of  determining  general  moment  coeflSeients,  we  obtain 
the  following:  * 


Ratio  of  live  to  dead 


Intermediate  spans  End  spaas 

I  '     '   1 

At  center  lAt  support    At  center  'At  support 


Loads  at  middle  points 

2:  1 

5:  1 

<Two  spans) 

2:  1 

6:  1 

Loads  at  third  points 

2:  1 

5:  1 

(Two  spans) 

2:  1 

5  :  1 

Loads  at  middle  and  quarter  points 
2:  1 
5:  1 
(Two  spans) 
2;  1 
5  :  1 


0.171 
0.181 


0.143 
0.150 


0.193 
0.210 


0.254 
0.265 


0.303 
0.327 


0.358 
0.374 


0.200 
0.207 


0.187 
0.195     I 


0.274 
0.281 


0.259 
0.269 


0.375 
0.391 


0.344 
0.364 


.-^j.-r 


.OS 


.JJ..'' 


•.4J 


.OSS 


•.OS 


0.169 
0.172 


0.187 
0.187 


0.301 
0.306 


0.333 
0.333 


0.423 
0.431 


0.465 
0.465 


Fig.  300. — Concentrated  loads  as  shown;  loatls  at  middle  points;  two 
and  three  equal  spans;  supported  ends.  Coefficients  of  (PI)  for  moment. 
Coefficients  of  (P)  for  shear. 
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Fig.  301. — Concentrated  loads  as  shown;  loads  at  third  points;  two  and 
three  equal  spans;  supported  ends.  Coefficients  of  {PI)  for  moment. 
Coefficients  of  (P)  for  shear. 
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383 


L27'"\ 


.32$ 


/3/"-\ 


J9" 


f.0€'\ 


328 


13/ 


.J9 


..IS 


1.94 


Fig.  302. — Concentrated  loads  as  shown;  loads  at  middle  and  quarter 
points;  two  and  three  equal  spans;  supported  ends.  CoeflScients  of  (PZ)  for 
moment.    Coefficients  of  (P)  for  shear. 
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In  Art.  54  of  Volume  I,  the  statement  was  made  that  for  occa- 
sional concentrated  loads  which  act  in  connection  with  uniform 
live  and  dead  loads,  and  for  loads  produced  by  beams  running 
into  girders,  the  maximum  moment  may  be  computed  with  suffi- 
cient accuracy  by  considering  the  beam  or  girder  as  simply  sup- 
ported, and  then  reducing  this  maximum  moment  (and  an  equal 
negative  moment)  by  the  same  ratio  used  in  the  distributed 
loading.    This  rule  gives  moment  coefficients  as  follows: 


No.  of  spans 

Intermediate  spans 

End  spans  and  ad- 
joininc  supports 

Loads  at  middle  points 
Three  or  more  spans 

0.167 
0.208 

0.208 

Two  spans .    .    . 

0.250 

Loads  at  third  points 
Three  or  more  <^ans 

0.222 
0.278 

0.278 

Two  spans 

0.333 

Loads  at  middle  and  quarter  points 
Three  or  more  spans 

0.333 
0.417 

0.417 

Two  spans 

0.600 

In  a  beam  loaded  at  the  middle  points  we  find  that  the  moment 
at  the  center  of  intermediate  spans  may  have  a  value  about  8  per 
cent  greater  than  the  recommended  value  for  use  in  des'gn. 
(This,  however,  is  considering  the  beam  as  freely  supported  at 
the  interior  supports,  and  the  supports  of  no  appreciable  width.) 
All  other  values  for  this  loading  are  somewhat  less  than  those 
recommended.  In  fact,  the  specified  moment  coefficient  for 
the  center  support  of  a  two-span  beam  may  be  reduced  and 
made  the  same  as  for  the  center  of  span.  In  beams  of  three  or 
more  spans  and  for  the  same  loading  as  just  mentioned,  the 
moment  coefficient  for  the  inner  supports  of  end  spans  may  be 
reduced  so  as  to  have  the  same  value  as  specified  for  the  interior 
spans. 

Now  let  us  consider  the  moments  in  beams  loaded  at  the 
third  points.  The  moment  at  interior  supports  may  have  a 
value  about  19  per  cent  greater  than  that  specified,  but  the 
width  and  monolithic  character  of  the  supports  will  ofifset  this 
to  a  considerable  extent.  It  is  preferable,  however,  to  make 
some  allowance  for  this  in  design  although  for  simplicity  this  has 
not  been  done  in  this  text.     The  same  is  true  for  the  inner  sup- 
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ports  of  the  end  spans  although  the  mcrease  in  moment  over 
that  specified  is  about  10  per  cent. 

The  student  may  draw  his  own  conclusions  in  regard  to 
moment  coefficients  in  beams  loaded  at  the  middle  and  quarter 
pointy. 

The  recommendations  for  shear  previously  given  for  uniform 
loads  will  apply  in  the  case  of  beam  concentrations. 

Triangular  Distribution  of  Load 

In  Art.  56  of  Volume  I  it  was  shown  that  where  floor  slabs  are 
reinforced  in  two  directions,  the  loads  carried  to  the  cross-beams 
and  girders  should  be  assumed  to  vary  in  accordance  with  the 
ordinates  of  a  triangle.  The  statement  was  also  made  that  the 
maximum  moment  on  the  cross-beams  and  girders  may  be  com- 
puted with  sufficient  accuracy  by  considering  the  beam  or  girder 
as  simply  supported,  and  then  reducing  this  maximum  moment 
(and  an  equal  negative  moment)  by  the  same  ratio  used  in  the 
uniformly  distributed  loading.  The  theorem  of  three  moments 
for  this  case  takes  the  following  form: 

Mj2+MS2+h)+M,h  =  -  -2^Wih'  -  ^Wih' 

where     1^1  =  total  load  on  left  span. 
W2  =  total  load  on  right  span. 
The  same  method  might  be  followed  here  in  showing  the  reason 
for  the  above  rule  as  was  employed  for  imiform  loading  and  for 
beam  concentrations,  but  the  student  by  this  time  should  under- 
stand the  method  of  procedure. 

Negative  Moment  at  the  Ends  of  Continuous  Beams 

The  amount  of  negative  moment  at  the  ends  of  continuous 
beams  depends  upon  the  manner  in  which  the  ends  are  restrained. 
A  beam  cannot  be  entirely  fixed  unless  the  restraint  is  sufficient 
to  cause  the  neutral  surface  at  the  ends  to  be  horizontal.  (See 
Art.  53  of  Volume  I  and  the  Joint  Committee's  report  at  the  end 
of  this  volume.)  The  moment  coefficient  must  be  left  to  the 
judgment  of  the  designer,  but  the  shear  and  moment  diagrams 
shown  in  Figs.  294  to  297  inclusive  (for  beams  with  fixed  ends) 
and  in  Figs.  310  and  312  will  prove  useful  in  this  connection. 
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Increase  of  Positive  Moments  in  Continuous  Beams  Due 
TO  Unequal  Settlements  of  the  Supports 

Unequal  settlement  of  supports  may  be  caused  by  faulty 
foundations  or  by  the  deflection  of  a  girder  carrying  the  ends 
of  one  or  more  cross-beams.  The  first  condition  will  not  be 
considered  since  it  is  the  result  of  poor  design  in  the  foimdations. 
As  regards  the  second  condition,  consideration  will  show  that  a 
relative  settlement  of  about  iV  in.  may  be  expected  imder  usual 
conditions.  If  a  cross-beam  of  two  spans  is  considered  supported 
at  the  center  by  a  girder  in  which  a  deflection  of  iV  in.  occurs,  the 
negative  moment  in  the  cross-beam  is  reduced  but  the  positive 
moment  will  be  about  4  per  cent,  greater  than  the  moment 
determined  for  supports  on  a  level.  This  gives  some  idea  of  the 
increase  in  moment  which  is  likely  to  occur  due  to  unequal 
settlement  of  supports. 

Bending  up  of  Bars  and  Provision  for  Negative  Moment 

In  Figs.  303  to  305  inclusive  are  given  bending-moment  curves 
for  uniform  loads  on  two,  three  and  four  equal  spans.  The 
curves  for  live  load  are  not  bending-moment  curves  for  any 
single  arrangement  of  loading.     In  fact,  for  each  curve  several 
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Fig.  303. — Moment  curves  for  uniform  load;  two  spans;  right-hand  half; 

supported  ends. 

conditions  of  loading  are  considered  and  the  curve  is  obtained 
by  plotting  maximum  or  minimum  values  as  the  case  may  be. 
It  is  necessary  to  plot  the  curves  for  only  one-half  the  .beam,  as 
the  center  line  shown  is  on  the  plane  of  symmetry. 
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The  student  will  notice  that  some  portions  of  the  live-load 
curves  are  quite  diflferent  from  those  shown  in  Figs.  287  and  294 
to  297  inclusive.  For  example,  the  part  of  the  maximum  live- 
load  curve  close  to  the  center  support  in  the  beam  of  two  spans 
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FiQ.  304. — Moment  curves  for  uniform  load;  three  spans;  right-hand  half; 

supported  ends. 

(Fig.  303)  is  quite  different  from  a  similar  portion  in  any  of  the 
curves  shown  in  Figs.  287  and  294.  This  is  due  to  the  fact  that 
for  these  sections  maximum  and  minimum  moments  are  caused 
by  only  partial  loading,  and  not  by  having  either  one  or  both 
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Fig.  305. — Moment  curves  for  uniform  load;  four  spans;  right-hand 
half;  supported  ends. 


spans  fully  loaded.     If  influence  lines  were  plotted  for  these 
sections,  this  point  would  be  clearly  brought  out. 

In  the  two-span  beam  shown  in  Fig.  306,  maximum  and  mini- 
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mum  bending-moment  curves  are  given  for  a  2  : 1  ratio  of  live  to 
dead  load.  To  obtain  these  curves  from  Fig.  303,  points  should 
be  determined  for  each  one-tenth  of  the  span.  The  following 
notation  will  be  used: 

i/?z  =  live  load  per  unit  length. 
^  Wd  =  dead  load  per  unit  length. 

wt  =  wi+Wd= total  load  per  unit  length. 

Referring  to  Fig.  303,  consider  a  point  at  a  distance  OAl  from 
the  freely-supported  end  of  the  right-hand  span.  The  live-load 
moment  is  seen  to  vary  between  +0.095  wil^  and   —  0.025t^/P. 
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Fio.  306. — Moment  curves  for  continuous  beams  of  two  spans;  supported 
ends.     Ratio  of  live  load  to  dead  load  2:1. 

The  first  of  these  corresponds  to  the  condition  of  loading  in  which 
the  right-hand  span  alone  is  loaded,  and  the  second  value  cor- 
responds to  the  left-hand  span  being  loaded.  In  addition  to 
these  moments,  there  is  that  due  to  the  dead  load,  which  the 
curve  shows  to  be  O.Olwdl^  for  the  point  in  question. 

Combining  these  moments,  we  see  that  the  moment  may  vary 
between 

O.Olwdl'+OMbwil^ 
and 

O.Olwdl'-OmbwiV 

Assimiing  wi^2wd,  the  moment  varies  from  +0,2&WdV  to 
+0.02u?dl*;  that  is  (smcei/7d  =  iM?0, from  +0.0867iu<Pto  +  0.0067 

Curves  such  as  shown  in  Fig.  306  show  at  a  glance  what  moment 
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of  resistance  should  be  provided  in  either  direction  at  any  point 
along  a  two-span  beam  with  supported  ends  and  with  wi  =  2wd- 
They  also  indicate  what  proportion  of  the  steel  may  be  bent 
up  from  the  lower  side  at  any  point,  without  exceeding  the  safe 
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Fig.  307. — Moment  curves  for  continuous  beams  of  three  spans;  sup- 
ported ends.     Ratio  of  live  load  to  dead  load  3:1. 

stress  on  the  remaining  rods.  The  curves  show  that  a  negative 
moment  is  likely  to  occur  over  one-half  of  each  span.  Any  fixing 
of  the  ends,  however,  will  reduce  this  length. 


t 

0.10 

t5 

o.oa 

in 

0.06 

t 

0.04 

|S 

O.OE 

r 

0 

+- 

c 

0.02 

E 
o 

0.04 

>i 

0.06 

% 

0.08 

a> 

0.10 

^ 

0.12 

<^^""^^ 

.-^^  ^     W  ^  5, 

/   ^.  -  i/-   ""  -^- 

/        \    3f  2       \ 

^     u  ^  y    -p— ^ 

la     \%     14     \t  \J  0.6  Jf%    04    0  2 

4^^  "^-^     .     W    -        ■ 

a'    -     \-,?5^1     - 

I              ^JS^            - 

T       Ait_^  .1 

-  -   n^ 

Fia.  308. — Moment  curves  for  continuous  beams  of  four  spans;  sup- 
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Referring  to  Figs.  306,  307,  and  308,  it  is  clear  that  negative 
moment  .nay,  under  extreme  conditions,  occur  entirely  across 
the  beam.  For  ordinary  cases,  then,  it  would  seem  that  top  rein- 
forcement should  extend  to  at  least  the  third  point.     In  special 


W^i 
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cases,  however,  it  may  be  desirable  to  provide  for  negative- 
tension  reinforcement  over  the  entire  span.  If  reinforcing 
frames  are  used,  such  as  shown  in  Fig.  66,  the  top  rods  employed 
for  handling  and  for  fastening  the  stirrups  into  a  unit  will  aid 
materially  in  taking  care  of  any  tensile  stresses  which  may  occur 
in  the  top  of  the  beam.     It  is  also  true  that  in  monolithic  floor 
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Fig.  309. — Moment   curves  for   continuous   beams  of   three  spans;  sup- 
port^ ends;  loads  at  middle  points.     Ratio  of  live  load  to  dead  load  4:1. 

construction,  the  adjoining  slab  will  help  considerably  in  pre- 
venting top  tensile  stresses  at  the  center  of  the  span. 

In  view  of  the  above  considerations,  it  would  seem  that  rods 
may  be  bent  up  with  sufiicient  accuracy  (for  ordinary  cases  where 
uniform  live  load  is  somewhat  indefinite)  by  applying  the  formula 
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Fig.  310. — Moment  curves  for  continuous  beams  of  three  spans;  fixed 
ends;  loads  at  middle  points.     Ratio  of  live  load  to  dead  load  4:1. 

of  Art.  63,  Volume  I.     For  special  cases,  curves  should  be  drawn 
similar  to  those  shown  in  Figs.  306  to  308  inclusive. 

Maximum  and  minimum  moment  curves  for  concentrated 
loads  are  shown  in  Figs.  309  to  313  inclusive.  Three-span  beams 
only  are  considered  and  curves  are  given  for  both  supported  and 
fixed  ends.  From  a  study  of  these  curves  and  in  view  of  the 
considerations  presented  previously  in  this  article,  it  would  seem 
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(assuming  the  usual  indefinite  live  load)  that  rods  in  girders 
loaded  at  the  third  points  may  safely  be  bent  up  as  explained  in 
the  floor-bay  design  of  Art.  15.  The  curves  are  given  for  a  4:1 
ratio  of  live  to  dead  load.     The  moment  due  to  dead  weight  of 
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Fio.  311. — Moment   curves  for  continuous   beams  of  three  spans;  sup- 
ported ends;  loads  at  third  points.    Ratio  of  live  load  to  dead  load  4:1.- 

girder  stem  has  little  effect  in  considerations  regarding  the  bend- 
ing up  of  rods. 

The  formulas  given  below  may  be  of  use  when  considering  the 
variation  of  moment  in  beams  of  many  equal  spans  for  different 
kinds  of  loading.     In  deriving  the  formulas  for  maximum  positive 


0.32 


02  04  0.6   ae    1.0    iz    l.4 


Fig.  312. — Moment  curves  for  continuous  beams  of  three  spans,  fixed 
ends;  loads  at  third  points.     Ratio  of  live  load  to  dead  load  4:1. 

moment,  alternate  spans  were  considered  as  covered  with  live 
load.  This  gives  the  worst  condition  of  loading  for  positive 
moment.  Likewise  in  deriving  the  formulas  for  maximum  nega- 
tive moment,  the  worst  condition  of  loading  for  negative  moment 
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was  assumed — that  is,  two  adjacent  spans  were  assumed  as  fully 
loaded  alternating  with  one  span  unloaded.  For  the  same  load 
on  each  span,  the  formulas  reduce  to  simple  terms,  and  give  the 
moments  on  continuous  beams  with  fixed  ends  and  with  any 
number  of  spans.     • 
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Fio.  313. — Moment  curves  for  continuous  beams  of  three  spans,  sup- 
ported ends;  loads  at  middle  and  quarter  points.  Ratio  of  live  load  to 
dead  load  4 : 1. 


The  following  notation  will  be  employed: 
-Sfrna*.  p.  =  maximum  positive  moment  at  center  of  span. 
^min-   p.  =  minimum  positive  moment  (or  maximum  nega- 
tive moment)  at  center  of  span. 
^max^  n.=  maximum  negative  moment  at  the  support. 


Uniform  loads: 

j»f«... 
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Loads  at  middle  points: 
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■flfm.n.     p.=/g(3Pd-P,) 


M  —I'^+PJ 


Loads  at  third  points: 


M  -  JiPtl/2Pal 

^maz.    n.-  gy    "^    27 


Triangular  distribution  of  load: 


Mn^az.     V,=^Q(nWt-5Wd) 


I 

5  „. ,  .    5 


M^ir..   p.=9^(llTFd-5W^) 


69.  Beams  with  Var3ring  Moment  of  Inertia. — It  is  the  practice 
of  some  designers  to  place  more  steel  between  the  supports  of 
continuous  beams  than  the  amount  just  sufficient  to  resist  the 
"bending  moment  specified  by  the  Joint  Committee.  They  con- 
sider that  by  doing  this  the  stresses  over  the  supports  are  reduced 
and  the  design  is  more  economical.  They  maintain,  also,  that 
this  method  of  procedure  is  advisable  in  order  to  provide  for 
imperfect  continuity  of  the  beam  and  to  take  care  of  unknown 
stresses  caused  by  unequal  settlements  of  the  supports.  It  is 
important,  therefore,  to  determine  the  actual  moments  which 
occur  at  the  center  and  supports  in  such  cases. 

A  study  of  this  kind,  assuming  uniform  loads,  has  been  made 
by  Mr.  R.  E.  Spaulding*  for  beams  with  fixed  ends  and  for  beams 
with  one  end  fixed  and  one  end  free.  The  curves  shown  in 
Fig.  314  are  the  result  of  his  investigation  and  apply  to  either 
rectangular  or  T-beams.  Mr.  Spaulding  assumed  a  uniform 
moment  of  inertia  for  that  portion  of  the  beam  over  the  support 
in  which  negative  moments  exist,  and  another  moment  of  inertia 

1  Engineering  NewSj  Jan.  13,  1910. 
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for  the  central  portion  of  the  span — that  is,  between  points  of 
inflection. 

The  condition  of  fixed  ends  is  obtained  for  full  loading  on  the  • 
lower  floors  of  a  building  having  very  heavy  columns.     The  case 
of  one  end  fixed  and  one  end  free  is  found  in  either  span  of  a 
two-span  beam  with  the  same  uniform  load  on  both  spans. 

Referring  to  the  curves  of  Fig.  314  it  is  clear  that  with  both 
ends  fixed  and  with  the  same  moment  of  inertia  throughout, 

the  moment  at  the  center  is  0.0A2wl^  =  ^  and  at  the  end  is 
0.083t£?J' = -T2 ,  as  is  well  known.     If,  as  is  sometimes  done,  a 
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Fio.  314. — Curves  of  maximum  bending  moments  in  beams  with  different 
moments  of  inertia  at  end  and  centers. 


small  amount  of  steel  is  placed  over  the  supports,  such  that  v  = 

0.20,  and  the  full  bending  moment     o     is  provided  for  at  the 

center,  the  actual  moment  at  the  center  for  fixed  ends  will  be 

0.069  wV  (55  per  cent  of  ^-)  and  at  the  support  will  be  0.056 

wV.  Such  a  condition  stresses  the  steel  at  the  support  to  a 
value  2.2  times  the  working  stress  since  provision  is  made  at  the 
support  for  a  moment  of  only  (0.20)  (Jw^Z^)  =  ;^,u'Z2  =  0.025t/'^2_ 
that  is,  of  course,  assuming  the  amount  of  steel  used  to  be 
proportional  to  the  moments  of  inertia.     Again,  suppose  the 
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amount  of  steel  at  the  support  of  a  beam  with  fixed  ends  to  be 
made  one-half  that  at  the  center  and  that  the  center  be  de- 
signed for  iVtoI*.  The  actual  moment  at  the  center  will  be  0.053 
wl^  and  the  end  bending  moment  will  be  0.073t^P.  Thus,  with 
this  distribution  of  the  reinforcement,  the  steel  at  the  support 
will  be  overstressed  to  an  amount  0:^50  =  1.5  times  the  assumed 
working  stress.  It  may  be  seen  from  the  curves  of  Fig.  314 
(for  beams  with  fixed  ends)  that  if  a  beam  is  figured  as  simply 
supported,  then  about  six-tenths  of  the  amount  of  steel  that 
is  employed  in  the  middle  of  the  beam  should  be  placed 
over  supports  in  order  to  make  as  economical  a  design  as  pos- 
sible under  the  conditions.  For  example,  with  this  distribution 
of  steel,  provision  is  made  at  the  support  for  a  moment  of 

O.ei^^")  =0,075  wP 

and  this  is  exactly  the  actual  moment  caused  by  such  an  arrange- 
ment. The  assimtiption  which  is  made  that  the  moments  of 
inertia  are  proportional  to  the  amount  of  steel  used  makes  prac- 
tically no  difference  in  these  comparative  results.  The  student 
can  verify  this  statement  by  working  out  a  number  of  designs 
considering  either  rectangular  or  T-beams. 

In  the  above  discussion  no  compressive  steel  has  been  con- 
sidered at  the  supports.  In  rectangular  beams,  of  course,  there 
is  none  needed  but  in  T-beams  the  section  becomes  rectangular 
at  the  supports  and  the  stress  in  the  concrete  needs  attention. 
Referring  to  Table  3  of  Volume  I,  it  may  be  seen  that  for  an  allow- 
able compressive  stress  in  the  concrete  at  the  support  of  750  lb. 
per  square  inch  and  16,000  lb.  in  the  steel,  the  required  percentage 
of  tensile  steel  is  practically  1  per  cent.  It  is  thus  possible  to  get 
along  without  any  additional  strengthening  of  the  compressive 
part  of  the  beam  at  the  support  only  when  the  beam  is  reinforced 
at  the  center  of  span  with  less  than  lpe^cent-^0.6  =  1.7percent 
of  the  area  of  the  stem  (including  the  portion  of  the  slab  directly 
above  it),  whether  or  not  1.7  per  cent  is  less  than  the  amount 

determined  for  the  full  bending  moment  of  -^;. 

The  question  naturally  arises  whether  it  is  m6re  economical  to 

design  for  the  full  bending  moment  of  -g-  and  provide  sterf  oyjBT' 

supports  equal  in  amount  to  six-tenths  of  the  steel  at  the  middle 
of  beam,  or,  as  recommended  by  the  Joint  Committee,  to  design 
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wl* 
for  ^  both  at  the  center  of  span  and  over  supports.  Con- 
sider a  given  case  where  a  continuous  beam  designed  as  simply 
supported  requires  3  sq.  in.  of  steel  at  the  center  of  span.  Of 
this  amount  (0.6)  (3)  =  1.8  sq.  in.  should  be  bent  up  and  carried 
over  the  top  of  the  support  (disregarding  amount  of  steel  required 
for  bond),  the  rest  of  the  rods  being  horizontal  in  the  bottom  of 
the  beam.  The  approximate  volume  of  this  steel  may  be  taken 
as  the  area  of  the  steel  in  the  middle  times  the  span  in  inches,  or 
3  sq.  in.Xl  =  3i  cu.  in.  The  same  beam  designed  according  to 
the  Joint  Committee's  recommendation  would  require  2  sq.  in. 
of  steel  at  the  center  of  span  and  2  sq.  in.  over  the  top  at  the 
support,  and  the  volume  of  steel  may  be  taken  as  the  volume  of 
the  long  rods,  the  area  of  which  amounts  to  2  sq.  in.,  plus  the 
volume  of  steel  carried  over  from  the  adjoining  spans  and  extend- 
ing to  about  the  one-third  point  of  the  span,  or  approximately 
(2  sq.  in.)  (l)  +  (2)  (§0  =  2f  J  cu.  in.  The  student  should  notice  in 
the  above  comparison  that  the  first  design  is  favored  to  the  extent 
that  no  top  steel  is  assumed  to  extend  beyond  the  center  of  the 
support.  Assimie  this  steel  to  extend  to  only  the  one-fifth  point 
of  the  span,  then  the  volume  of  steel  in  the  first  case  becomes  equal 
to  3i-h(1.8)(i0  =3.4  sq.  in.     Thus  it  is  clearly  seen  that  a  beam 

designed  for  a  moment  -^  in  the  center  of  span  requires  approxi- 

mately  25  per  cent  more  steel  than  the  beam  designed  with  -t2> 

for  both  positive  and  negative  moments. 

Mr.  Spaulding  in  his  study  of  continuous  beams  (referred  to 
above)  assumed  that  the  moment  of  inertia  is  constant  between 
the  points  of  inflection,  and  there  changes  abruptly  to  another 
value  which  is  constant  for  the  ends  of  the  beam.  This  assump- 
tion neglects  in  all  cases  the  value  of  concrete  below  the  neutral 
axis  because  it  is  in  tension  and  is  liable  to  crack.  This  is  true, 
however,  only  for  sections  subjected  to  the  maximum  bending 
moments.  In  fact,  the  variation  of  the  moment  of  inertia 
throughout  the  beam  may  be  represented  by  a  curve  with  maxi- 
mums at  the  points  of  inflection  and  minimums  at  the  middle  of 
the  beam  and  at  the  supports.  Mr.  Sanford  E.  Thompson  in  an 
article  published  in  the  issue  of  Engineering  News  of  January  13, 
1910,  imder  the  title ''  Continuity  in  Reinforced-concrete  Beams.'' 
states  that  extensive  studies  made  in  his  office,  considering  the 

20 
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moment  of  inertia  to  vary  in  this  way,  gave  results  which  sub- 
stantially agree  with  those  obtained  by  Mr.  Spaulding  and  prove 
the  latter's  assertion  that  the  assumption  of  constant  moment  of 
inertia  between  points  of  inflection  is  suflSciently  accurate  for 
all  practical  purposes. 

Near  the  beginning  of  this  article  it  is  shown  that  a  beam  rein- 

wl* 
forced  for  the  full  bending  ^moment  of  -^  at  the  center  of  span 

will  induce  a  bending  moment  (if  properly  designed)  of  approxi- 
mately 0.075wl*  over  supports.     Now  this  is  only  about  10  per 

cent  less  than  the  moment  of-j^"  recommended  by  the  Joint 

Committee,  and  it  is  almost  self-evident  from  what  has  preceded 
and  from  the  knowledge  derived  from  Art.  68  as  to  the  effect  of 
unloaded  panels,  that  no  more  economical  and  satisfactory 
arrangement  of  steel  can  be  obtained  for  ordinary  cases  than  that 
which  the  Joint  Committee  has  specified. 


Problems 

21.  Construct  moment  and  shear  diagrams  for  a  beam  of  three  spans  loaded 
on  only  one  of  the  outer  spans.  Consider  both  fixed  and  supported 
ends. 

22.  If  the  center  of  span  of  a  continuous  beam  with  practically  fixed  ends  is 

reinforced  for  a  moment  -j^v,  what  is  the  least  amount  of  steel  that  can 
be  safely  placed  over  the  top  of  beam  at  the  supports? 


CHAPTER  XIV 
ECCENTRIC-LOAD  CONSIDERATIONS  IN  COLUMNS 

70*  Considerations  in  General. — By  means  of  the  principles 
which  were  employed  in  the  derivation  of  the  theorem  of  three 
moments,  it  is  possible  to  obtain  formulas  whereby  the  moments 
in  any  given  span  of  a  continuous  beam  may  be  determined  if  the 
slope  of  the  neutral  surface  of  the  beam  is  known  at  each  of  the 
two  adjoining  supports.  This  is  possible  whether  or  not  there  is 
any  load  in  the  span  in  question.  For  no  load  in  the  span  we  have 
the  case  of  an  ordinary  building  column  extending  through  one 
story  height  and  eccentrically  loaded — that  is,  by  means  of  the 
formulas  mentioned,  it  is  possible  to  determine  the  moments  in  a 
column  in  ordinary  building  construction  due  to  unsynmietrical 
floor  loading  if  the  slopes  at  the  ends  of  the  colimin  are  known. 
In  the  case  of  a  column  resting  upon  a  footing  of  considerable  size 
and  monolithic  with  it,  the  column  may  usually  be  considered  as 
fixed  in  direction  at  its  lower  end,  and  hence  the  neutral  surface 
of  the  colimin  at  this  point  is  vertical.  At  the  first  floor  level, 
however  (assuming  there  is  a  basement),  the  beam  has  a  sloi>e 
at  the  column  in  the  case  of  unsymmetrical  loading  and  this  slope, 
of  course,  is  impressed  upon  the  upper  end  of  the  column. 

Except  where  the  load  rests  upon  column  brackets  and  has 
what  might  be  called  an  intentional  eccentricity,  the  method  of 
finding  the  stress  due  to  bending  is  to  calculate  the  slope  of  the 
beam  at  its  junction  to  the  column  and  from  this  determine  the 
bending  moment  acting  on  the  column  itself.  With  the  bending 
moment  known,  the  stress  in  the  column  may  be  found  by  means 
of  the  general  formulas  of  Art.  74,  Volume  I.  When  the  column 
section  is  rectangular  with  the  steel  placed  as  in  a  double-reinforced 
beam  and  synunetrical  about  the  gravity  axis,  then  the  formulas 
of  Arts.  75  and  76  of  Volume  I  may  be  employed.  Diagrams 
13,  14,  and  15  apply  when  the  steel  is  imbedded  in  the  concrete 
one-tenth  of  the  total  effective  depth  from  each  surface  and  when 
n  is  taken  at  15.  If  desired,  the  eccentricity  of  loading  may  be 
found  by  dividing  the  bending  moment  by  the  column  reaction. 
30  395 
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Columns  in  ordinary  construction  are  usually  designed  for  full 
live  load  on  ajdacent  floor  bays  and  no  attention  is  paid  to 
eccentricity  of  loading  except  in  the  case  of  exterior  columns 
where  an  arbitrary  amount  of  steel  is  provided  to  take  care  of  the 
stress  due  to  bending.  This  method  is  undoubtedly  satisfactory 
for  the  usual  case  of  an  indefinite  live  load,  but  more  exact  calcu- 
lations should  be  made  in  special  cases  and  where  the  loading  is 
more  definitely  known. 

From  what  has  been  said  in  regard  to  the  method  of  figuring 
columns  for  eccentric  loading,  it  should  be  clear  that  we  need 
to  find  the  slope  of  the  beam  at  each  end  of  the  column  and  then 
find  the  maximum  moment  in  the  column  which  would  be 
caused  by  these  slopes.  In  the  upper  stories  of  a  building  with 
several  floors  the  stiffness  of  the  columns  do  not 'greatly  affect 
the  slope  which  the  beams  take  up  under  various  conditions  of 
loading,  but  in  the  lower  stories  the  colimins  are  usually  so 
large  and  so  heavily  reinforced  that  it  is  desirable  to  take  their 
stiffness  into  account.  It  should  be  understood,  however,  that 
to  neglect  column  stiffness  is  always  on  the  side  of  safety. 

The  formulas  which  will  be  given  (and  other  more  general 
formulas)  are  all  derived  in  the  appendix  to  the  book  on  "Rein- 
forced Concrete  Design"  by  Faber  and  Bowie.  ^  Students  trained 
in  the  Calculus  would  do  well  to  study  through  some  of  these 
proofe  in  order  to  be  able  to  derive  formulas,  for  other  cases. 
71.    Formulas. — The  following  notation  will  be  used: 

JB  =  ratio  of  moment  of  inertia  to  length  for  a  beam. 

C  =  ratio  of  moment  of  inertia  to  length  for  a  column. 

ac  =  the  slope  or  angle  made  by  the  neutral  surface  at  the 
end  of  a  member  with  its  original  position. 

E  =  modulus  of  elasticity. 

K  =  constant  in  equation  M  =  KCE  oc 

lb  =  moment  of  inertia  of  beam. 

Ic  =  moment  of  inertia  of  column. 
The  slope  of  the  neutral  surface  will  be  considered  positive  when 
the  member  has  turned  through  a  positive  angle  from  its  neutral 
position — that  is,  when  it  has  turned  in  a  counter-clockwise 
direction.  It  will  be  assumed  in  all  cases  that  the  moment  of 
inertia  of  the  beams  is  constant  throughout  any  particular  span. 
The  formulas,  therefore,  apply  without  sensible  error  when  ap- 
proximately the  same  amount  of  steel  is  used  over  supports  as 

^Longmans,  Green  A  Co.,  Publishers. 
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at  the  center  of  span.     The  same  value  of  E  will  be  taken  for 
both  beams  and  columns. 


Beam  Formulas 

One  span,  uniformly  loaded.    Slopes  at  the  ends  of  the  beam 
are  knoWn. 

^^..^     fv  pcunck  per  fbor     M^ 
•^/|  T  |*^2 


\ 


Ml  =  -^-4EB  « 1-2EB  « , 

M,  =  -^^+2EB  oc  1+4EB  « , 
One  span,  uniformly  loaded,  monolithic  with  columns. 


M/     tv  pounds  per  /bof     M^ 


_  _  toZ«  («',C,+6B) 

"»~     \2E  '  (/!:iCi+4B)(/i:,C,+4B)-45« 

When,  as  is  generally  the  case,  KiCi=KiCi, 

__wl*  .  1 

"^"     i2E     {KC+2B) 

When  the  stiffness  of  the  columns  is  neglected, 

wl* 
"'"     2iBE 

Two  equal  spans,  freely  supported,  each  with  its  uniform  load. 

m ff j»2_ 


I     '     I    '     t 

"  "     48EB 
,,_5(tui+wj)i 
'^~         8' 
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Two  equal  spans,  monolithic  with  the  columns,  each  with  its 
uniform  load. 

When  the  two  outside  colimms  are  similar,  we  have  KtC%  = 
KiCi,  and 


l^  rwi{(KiCi+4B){K2C2+10B)-iB^\  ''W2{2B(KiCi+&B)]l 
12EI  {kiCi+^B){{KiCi+4B){K2C2+SB)^8B^]  J 

l^[         {wi-W2){KiCi+6B) ] 

''^~l2El{KiCi+^B)(K2C2+8B)-8B^  J 

When  the  beam  is  freely  supported  at  the  ends,  then  KiCi 
and  KzCz  equal  zero,  and 

'8E(K2C2+lB) 

p  __  5(t(?i+t^2)t  (same  as  for  beam  freely 
8  supported  throughout) 


a  2  =  ' 


When  the  structure  is  completely  monolithic  but  the  stiff- 
ness of  the  columns  is  neglected, 


«!  = 

l^          3Wi  —  W2 

V"12£           8B 

When 

W2  is  considered  zero. 

""'^     32BE 

Three  equal  spans,  monolithic  with  the  columns,  each  with  its 
uniform  load,  the  beams  and  columns  being  symmetrical  about 
the  center  line  of  the  center  beam. 


'\  B,       ^z\  B2      * 

^^1  f(zg  ^zCz 

R  B 


B,      r/ 

\jr,c, 
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« 

When  Bi=Bi  and  KtCt^'KiCi,  we  have 

I»  r  wi(KC+8B)-2wtB  i 


^  "■     12El  KK^ + lO/iTCB + 20B*  J 
When  jBi  =  jB2  and  KtCi^2KiCu  we  have 

"^  ^^     i2'iBL(/irC+2JB)(ii:C+5B)J 

When  the  beam  is  freely  supported  at  the  ends,  and 
Bi^Bi, 

^     (l.5wi  —  wt) 

"^^"UE'    {KC+5B) 

R-0.55l(wi+W2)  (approximately) 

When  the  beam  is  freely  supported  at  the  ends,  and  Bi  = 
1.255,, 

J*        (1.5n?i  —  w^ 

''^^i2E  '  IKC+5775B) 

i2  =  0.55  l(wi'-\'W2  (approximately) 

In  general,  for  ordinary  values  of  y?  » 

(3W1-2UJ2)  Z*  .      *  1  N 

«»=7 rVT~   '  ;i^^  (approxunately) 

jlO+7.5(l-g)J5,     ^^^ 

When  the  structure  is  completely  monolithic  but  the  stiff- 
ness of  columns  is  neglected, 

_       Jit  4Wi  —  W2 

'^^^'^12E  '      iOB 
When  W2  is  considered  zero, 

°'^"     SOBE 

Beams  of  many  equal  spans,  imiformly  live  loaded  on  alternate 
bays,  and  monolithic  with  the  columns. 


Z*         (1^1  —  1^2) 


"^   "     12E     {KC+4B) 

^        (Wi+W2)l 
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Beams  of  many  equal  spans,  live  loaded  with  a  concentrated  load 
at  the  center  of  alternate  bays,  and  monolithic  with  the  colimms. 


,  i' 

["■       f 

^'  , 

^ 

"1 

B       ^           3 

oc 

B 

1 

l/p 

R 

P 

oc  = 

I 

8E 

{KC+4B) 

ie= 

Pi+P 

"  2 

2 

Beams  of  many  equal  spans,  live  loaded  on  alternate  bays  with 
loads  at  the  third  points  for  both  live  and  dead  loads,  the  beam 
being  monolithic  with  the  colimms. 

i^i^  1^^  i^f^  f'i"' 

I        3^         3^        B^         B 
'  '/?  I>P  \r 

9£     (/i:C+4B) 

Beam  of  many  equal  spans,  live  loaded  on  alternate  bays  with  a 
triangular  distribution  of  both  live  and  dead  loads,  the  beam  being 
monolithic  with  the  columns. 


°'"     48£     (7^C+4JB) 


Column  Formulas 

A  column  may  take  any  of  the  positions  shown  on  page  401 
(deflections  magnified). 
The  formulas  given  for  a  beam  of  one  span,  xmiformly  loaded. 
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may  be  employed  to  find  the  moments  in  a  column  when  the  end 
slopes  are  known.    For  columns,  the  lateral  load  w  becomes  zero, 


Co^ren^^^xec^jf^^Z'^rn) 


and  we  may  reduce  the  formulas  mentioned  to  the  foUowmg  sim- 
ple terms: 

Case  (a).    When  a  i=  a , 

Jf,=  +6£Boci 
Case  (b).    When  a  i  =  —  a  2 

J»f2=+2£Bai 

Case  (c).     When  oc2  =  0 

Mi^-4EBoii 

M2=+2EBozi 
Case(d).    WhenJf,=0 

The  general  expression  for  the  moment  at  one  end  may  be  written 

M=^KECoc 
in  which  K  will  vary  from  2  to  6. 

72.  Unintentional  Eccentricity. — Columns  in  ordinary  build- 
ing construction  are  subject  to  uns3rmmetrical  floor  loading  and 
such  loading  may  be  termed  unintentionally  eccentric. 


Intekior  Columns 

Two  Spans, — Consider  the  case  where  the  left-hand  span  has 
a  uniform  load  of  wt  and  the  right-hand  span  a  load  of  Wd  per 
unit  of  length,  where 

ii?«  =  total  load  per  unit  length 
Wd  =  desid  load  per  unit  length 

If  the  stiffness  of  the  columns  is  neglected  and  the  beam  is  con- 
sidered as  freely  supported,  we  have  from  Art.  71 
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i2  = 


48£B 

5{wt+Wd)l 
8 


(The  moment  diagram  for  this  case,  considering  Wd  equal  to  zero, 
is  given  in  Fig.  294.) 


Lower   End 
of   Column 


Con-figura+lon 


Bending 
Moment 
Diagram 


B.M.otlbp 
of  Column 


BM  at 
Bottom 
of  Column 


ConrlTained 
to  toke  up  a 
slope*  -hoc 


'6£CoC 


•hSECcC 


<a) 


Constrained 
to  taice  yip  a 
slope-  -cC 


'ZECdZ 


'2£C<c 


(b> 


Fixed 


(c> 


'4ECoc 


-hBECcc 


to 
Turn 


•3ECcc 


Zero 


Fig.  316. 

The  colimm  may  take  any  of  the  positions  shown  in  Fig.  315 
depending  upon  the  condition  of  the  lower  end.  Consider  the 
lower  end  fixed  (Case  c)  which  is  the  case  illustrated  in  Fig.  316. 
(The  arrangement  in  the  latter  figure  has  frequently  been  adopted 
in  factories,  the  beam  being  continuous  over  a  central  row  of 
columns  and  supported  at  the  ends  in  brick  walls.  The  beam 
should  be  assumed  to  have  free  ends  for  the  reason  that  it  is  diflS- 
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cult  to  completely  fill  pockets  in  brick  walls  with  concrete.) 
The  column  design  as  shown  is  satisfactory  according  to  the 
common  method  of  figuring — that  is,  assuming  both  spans  fully 
loaded.  It  becomes  important  to  determine  the  stress  in  the 
column  due  to  the  live  load  on  one  span  only.  After  this  stress 
is  foimd,  the  exact  stress  for  full  loading  will  be  determined  and 
the  stresses  compared. 


■20^0'- 


— -*- 


20-0' 


Live  Loacf    BOO  I  lb.  per  scf  ft    '• 


Beams  /O^cfoc 


^ 
^ 


^/  A 


m 


^^i-.y.y>^\\v/M^yv;'?v'-^'^y™fV 


Assumed  width  erf 
slab  in  compression 


,./'w^ 


nj;\ 

Section  of  Column 


4' i*^""  rods 


Section  of  Beam 

Fio.  316. 


..=  (69)  (10)  +  (^2^(2;^>  (1^^=960 

wt  =  (200)  (10)  +960  =  2960 
Live  load  on  one  span: 

^^5(2960+%0)120)  =  49,0001b. 


Keeping  all  dimensions  in  pounds  and  inches, 

(See  Fig.  317) 


-._/»_  (0.036)(56)(23.5)»_,^ 
"~  l~         (20)(12)  "      ~^^ 


''^^m^^^y     1S35 


_v 

.  "  (48)(109)£      ~    E 

We  have  seem  that  if  the  column  is  considered  as  fixed  in 
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direction  at  its  lower  end,  K  may  be  taken  as  4,  and  hence 
the  moment  induced  in  it  by  this  slope  will  be 

ilf  =  4BC<x 
or 

>"*^  {^)  (T) 


=  68.0 /c 


A  fireproof  covering  of  1 J  in.  will  be  assumed  on  the  column 
and  no  accoimt  will  be  taken  of  this  in  the  computations, 
although  the  stress  due  to  bending  will  be  somewhat 
greater  at  the  outside  of  the  column  than  at  the  edge  of  the 
effective  area.  For  convienence,  the  steel  will  also  be 
assumed  Ij  in.  from  the  face  of  the  column. 

The  stress  due  to  bending  =  -j 

=  68.0 /eX^r^ 

=  374  lb.  per  square  inch. 

It  should  be  clear  from  the  above  that  it  is  not  necessary 
to  find  the  moment  of  inertia  of  the  column  when  the  col- 
umn stiffness  is  neglected  in  calculating  the  slope  of  the 
beam. 

The  equivalent  concrete  area  of  the  column  is  (assuming 
n  =  15), 

121  +  (3.14)(14)  =  165.0  sq.  in. 

49  000 
The  stress  due  to  direct  compression  =  i^k~a  "^^^Ib. 

per  square  inch. 

.*.  maximum  stress  =671  lb.  per  square  inch. 
(Note. — The  minimum  stress  is  tension  and  is  somewhat 
above  the  allowable  tensile  stress  for  concrete,  but 
there  is  no  necessity  here  for  using  the  more  complex 
formulas  which  apply  when  the  tensile  strength  of  the 
concrete  is  neglected.) 
Live  load  on  both  spans: 

J?  =  1.25  wtl=  1.25  (2960) (20)  =74,000  lb. 

stress  =  ,^K-7^  =448  lb.  per  square  inch  (designed  for 

1 :2:4  concrete, /c  =  450) 
*  See  Art.  74  of  Volume  I. 
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It  is  obvious  that  the  column  should  be  made  stronger  in  order 
to  bring  the  maximiun  stress  in  the  concrete  to  a  proper  working 
value.  The  maximum  stress  occurs  for  only  one  span  covered 
with  live  load,  and  this  stress  in  considerably  greater  than  for 
full  loading,  although  the  beams  are  stiff  and  the  column  rela- 
tively flexible. 

When  beams  are  both  long  and  shallow,  a  much  greater  slope 
will  be  produced,  and  consequently  greater  eccentricity  in  the 
column.  Greater  eccentricity  will  also  occur  for  columns  which 
are  relatively  short  and  stiff. 
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Fig.  317. 


A  case  that  is  worse  than  either  of  those  investigated  occurs 
when  the  live  load  extends  continuously  over  one  span  and  partly 
over  the  other.  The  additional  live  load  over  only  part  of  a  span 
has  little  influence  on  the  slope  of  the  beam  but  increases  con- 
siderably the  direct  load  on  the  column. 


When  the  columns  are  very  stiff  compared  to  the  beam,  it 
becomes  necessary  to  take  their  stiffness  into  account  in  calcu- 
lating the  slope.  For  two  spans  rigidly  connected  to  a  central 
colunm  and  freely  supported  on  walls  at  the  ends,  we  have  from 
Art.  71 


a- 


'SE{KC+6B) 
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This  formula  will  be  applied  to  a  building  having  three  floors 
and  a  basement,  the  floors  and  roof  all  being  designed  for  the 
same  live  load.  For  convenience,  the  spans,  height  of  columns, 
etc.,  will  be  taken  the  same  as  in  the  last  example  and  only  the 
two  lower  columns  (b  and  c,  Fig.  318)  will  be  considered.  In  the 
problem  which  follows,  the  dead  weight  of  the  columns  will  be 
neglected. 


Popf 

jrcr  F/oor 
Z^^  Floor 
/5^  Floor 


Typical 

In-herior 

Column 


I 

I  %. 

K 

nin"  \ 

8-l"o  i 

■a     ^ 
y  Joint  1 

zo'.so"\ 

S-fff 

/Joint  2 

.0 

Basement' 


Fig.  318. 


When  a  column  extends  above  and  below  the  joint  with  a  beam, 
KC  in  the  formula  is  to  be  replaced  by  KaCa+KhCh;  Ka  and  Ca 
referring  to  the  column  above,  and  KhCh  referring  to  the  column 
below  the  joint  at  which  the  slope  of  the  beam  is  found.  This 
should  be  done  since  it  is  obvious  that  the  restraining  action  of  a 
column  is  increased  when  the  column  above  has  to  be  bent  as 
well  as  that  below. 

The  value  of  Jf  to  apply  to  any  particular  colimin  needs  careful 
attention.  Referring  to  Fig.  315  it  will  be  seen  that  a  value  of 
6  is  necessary  if  two  adjacent  floors  are  unequally  loaded.  For  iC, 
however,  to  be  taken  as  6  for  both  upper  and  lower  columns  at 
any  given  joint,  three  adjacent  floors  would  need  to  be  unequally 
loaded  to  the  fullest  extent.  It  becomes  a  question  of  judgment 
as  to  what  conditions  are  Ukely  to  occur.  It  will  be  assumed  in 
the  building  imder  consideration  that  the  worst  case  that  needs 
attention  is  for  the  floor  above  and  below  to  be  horizontal  at  the 
joint.     This  condition  gives  a  value  of  Jf = 4. 

The  greatest  stress  in  a  column  due  to  bending  and  direct  load 
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will  occur  when  the  floor,  at  which  the  joint  is  taken,  is  only  half 
loaded  and  when  all  the  floors  above  are  fully  loaded.  This  direct 
load  on  column  b  is 

(2)  (74,000) +49,000=  197,000  lb. 

and  on  column  c  is 

197,000+74,000  =  271,000  lb. 

Joint  1 — ^Live  load  on  one  span: 

fi  =  109 

_  _T>7(14)(14)»+_12(6^28K7)*_-. 
^'-^  (9)(12)      "     "     -^ 

^  _MlI)(iZ)'+12(9:82)(8.5)^_^., 
"       "       (9)  (12)'  ~^*'* 

KaCa+KbCb=HM+ 143)  =828 

The  moment  of  inertia  of  the  columns  is  calculated  on  the 
assumption  that  n  =  12  and  that  the  steel  is  placed  along 
two  opposite  faces  of  the  column. 

"^^    8jB(828+654)    "  E 

Stress  in  column  b  due  to  bending  =    ,.  ^=  -    ,—  ^ 

__(4)(810)(8.5) 

"■       (9)(12) 

=  255  lb.  per  square  inch. 

The  equivalent  concrete  area  of  the  column  is  ^ 

(17)(17)  +  (9.82)(11)  =397.0  sq.  in. 

The  stress  due  to  direct  compression  =  0Q7  a  =  496  lb.  per 
square  inch. 

.'.  maximum  stress  =  751  lb.  per  square  inch. 
Joint  1 — ^Live  load  on  both  spans: 

R  =  (74,000)  (3)  =  222,000  lb. 
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222,000     ,„^  ,^  .     ^    ,j    .       J  , 

stress  =  ~3Q7~Q^  =  560  lb.  per  square  men  (designed  for 

l:li:3  concrete, /c  =  560) 
Joint  2 — ^Live  load  on  one  span: 

_iV20)(2p)^+12(ll^)(10)«_._. 
^'~  (9)(12)         "'       --^^^ 

X6Ci+XcC«  =  4(143+255)  =  1592 

"^  "  8£(1592+654)   "  E 

Stress  in  column  c  due  to  bending  =      .   - 

_  (4)  (534)  (10) 
"      (9)a2) 

=  198  lb.  per  square  inch. 
The  equivalent  concrete  area  of  the  column  is 
(20)(20)  +  (11.88)(ll)  =530.7  sq.  in. 

271  000 
The  stress  due  to  direct  compression  =  coa~7~  =  510  lb.  per 

square  inch. 

.*.  maximum  stress  =  708  lb.  per  square  inch. 
Joint  2 — ^Live  load  on  both  spans: 

R  =  (74,000)  (4)  =  296,000  lb. 

stress  =   -«!.  -  =  557  lb.  per  square  inch   (designed  for 

1  :li  :3  concrete, /.  =  560) 

If  the  ends  of  the  beams  were  supported  by  concrete  wall  col- 
umns, the  restraint  at  the  beam  ends  would  reduce  the  slope  at 
the  interior  colunms.  (This  would,  in  fact,  be  true  for  beams  of 
any  number  of  spans.)  Thus,  the  use  of  formulas  for  ends  freely 
supported  will  always  be  on  the  side  of  safety.  If  it  is  desired 
to  take  the  reduction  into  account,  the  correct  expression  for  the 
slope  may  be  taken  from  Art.  71  for  the  usual  case  where  the 
outside  columns  are  similar. 

Three  Spans, — Formulas  are  given  in  the  preceding  article  for 
the  slope  at  the  interior  columns  in  continuous  beams  of  three 
spans,  ends  freely  supported.  These  apply  to  the  usual  case 
where  the  beams  and  columns  are  symmetrical  about  the  center 
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line  of  the  center  beam.  A  general  expression  for  three-span 
beams  is  very  complex  and  hence  the  reason  for  the  less  general 
expressions  given.  As  in  the  case  of  two  spans,  the  use  of  formu- 
las for  freely  supported  ends  are  on  the  safe  side. 

The  student  should  also  notice  that  the  formulas  given  apply 
when  the  two  end  spans  are  fully  loaded  and  the  middle  span 
unloaded  except  for  the  dead  load.  This  loading  has  been  found 
to  give  the  worst  condition  of  bending  on  the  columns.  The  for- 
mulas include  the  case  where  the  end  spans  are  designed  for  .y. 

and  the  center  span  for  ^'    The  method  of  finding  the  stress  in 

the  columns  is  similar  to  that  explained  for  two-span  beams. 

Four  or  More  Spans. — In  the  case  of  beams  of  four  or  more 
spans  it  is  suflSciently  accurate  to  treat  the  first  interior  columns 
in  the  same  way  as  the  corresponding  columns  under  beams  of 
three  spans.  For  the  other  interior  columns,  the  influence  of  the 
end  spans  on  the  eccentricity  in  such  columns  is  very  small,  and 
the  formulas  for  the  slope  in  a  beam  of  an  infinite  number  of 
spans  may  be  used. 

Exterior  Columns 

Otic  Span. — When  a  building  contains  several  floors,  simulta- 
neous loading  must  be  provided  for.  The  value  of  X  =  6,  for 
columns  above  the  first  floor,  assumes  that  the  slope  at  the  end 
of  different  floors  is  equal.  This  is  not  accurate,  as  the  slope 
generally  diminishes  in  the  lower  floors,  owing  to  the  increased 
stiffness  of  the  columns.  Generally  no  great  error  is  made  by 
taking  this  value  for  K  but,  if  desired,  a  process  of  trial  and  error 
may  be  employed  to  determine  the  exact  value  of  K  for  any  par- 
ticular case.     The  reaction  is,  of  course, 

wl 

and  the  stresses  are  calculated  as  in  the  previous  examples. 

By  using  the  formulas  of  Art.  71,  it  has  been  found  that  the 
size  of  outside  columns  should  be  determined  much  more  by 
considerations  of  bending  than  by  those  of  direct  load.  Also, 
it  has  been  found  that  it  is  good  design  not  to  vary  the  outside 
columns  greatly  through  several  stories  since,  even  for  uniform 
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column  section  throughout,  the  stress  in  the  upper  portions  of  the 
column  is  approximately  the  same  for  ordinary  conditions  as  in 
the  lower  portions.  A  smaller  load  usually  comes  upon  the 
upper  floors  but  this  is  offset  by  the  smaller  amoimt  of  restraint 
afforded  to  the  shallower  beams. 

Two  Spans. — The  value  of  « i  is  usually  about  25  per  cent  less 
for  two  spans  than  for  one  span.  The  greatest  eccentricity  on 
column  1  occurs  when  the  left-hand  span  is  fully  loaded  and  the 
right-hand  span  has  its  dead  load  only — the  same  loading  that 
gives  maximum  bending  in  the  interior  column. 

Three  or  More  Spans, — In  the  case  of  three  spans,  the  greatest 
eccentricity  on  the  outside  columns  occurs  when  the  end  spans  are 
fully  loaded  and  the  central  span  is  unloaded.  This  condition  is 
the  same  as  that  which  gives  the  greatest  bending  in  the  interior 
columns. 

In  the  case  of  four  spans,  the  worst  case  for  column  1  occurs 
when  the  live  load  extends  over  spans  1  and  3,  and  only  the  dead 
load  over  spans  2  and  4.  The  actual  effect  of  the  fourth  span  is 
to  reduce  the  eccentricity  of  column  1  but  the  difference  is  ex- 
tremely small.  The  formulas  given  in  Art.  71  for  the  case  of  three 
spans  may  be  used  for  four  or  more  spans  without  appreciable 
error. 


Problem 

23.  Consider  the  building  shown  in  Fig.  318  to  have  three  spans  with  the 
loading,  spans,  height  of  columns,  sizes  of  beams,  etc.,  the  same  as  in 
the  illustrative  example  previously  given,  (a)  Find  the  stress  in  the 
interior  columns  b  and  c  considering  the  ends  of  the  beams  as  freely 
supported  and  Bi—Bt.  (b)  Assume  interior  columns  of  concrete 
with  Kid^KiCi.     Find  the  stress  in  outside  lower  column. 


73.  Intentional  Eccentricity. — Columns  are  frequently  sub- 
jected to  bending  moments  greatly  in  excess  of  any  arising  from 
slight  unintentional  eccentricity  in  the  application  of  the  load. 
For  example,  a  column  supporting  a  roof  is  frequently  made  to 
carry  a  traveling  crane  which  runs  on  a  track  supported  by  side 
brackets  or  at  one  side  of  the  column  (Figs.  151 A  and  151B).  To 
compute  the  maximum  stress  in  such  a  column,  it  is  necessary  to 
find  the  maximum  bending  moment  at  whatever  section  it  oc- 
curs, and  then  combine  the  stresses  due  to  bending  and  thrust 
by  the  general  method  explained  in  Chapter  IX  of  Volume  I. 
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The  maximum  bending  moment  occurs  at  the  load,  and  depends 
upon  the  height  at  which  the  load  is  placed  and  the  end  condi- 
tions of  the  column.  To  simplify  the  calculations,  the  depth  of 
the  bracket  will  be  considered  small  in  comparison  with  the  length 
of  the  column.  This  is  not  strictly  correct  but  the  error  involved 
will  be  on  the  safe  side  since  any  increase  in  the  depth  of  a  bracket 
reduces  the  maximum  amount. 

The  bending  stress  due  to  loads  intentionally  eccentric  usually 
cause  tension  to  exist  over  part  of  the  section  which  is  greater 
than  the  allowable  tensile  strength  of  the  concrete.  When  Dia- 
grams 14  and  15  of  Volume  I  cannot  be  employed,  the  quickest 
way  to  obtain  the  resulting  stress  (neglecting  the  concrete  in 
tension)  is  to  follow  the  method 
outlined  in  Art.  76  of  Volume  I  x 

and  determine  the  position  of        x—     "    — ^ 


the  neutral  axis  by  trial. 

Columns  supporting  bracket        '    C 
loads  will  be  considered  for  the 
three  conditions:  (1)  both  ends 
free  to  turn,  (2)  both  ends  fixed, 


,s; 


^^ 


and  (3)  one  end  fixed  and  the        ^i 
other    end    free.     Columns   in  p      ^-^ 

practice  will  have  conditions  in- 
termediate to  these  and  good  judgment  as  to  flexibility  of  the 
end  connections  is  necessary  to  arrive  at  correct  results  in  any 
particular  case. 

Column  Free  to  Turn  at  Both  Ends. — The  bending-moment  dia- 
gram for  this  case  is  shown  in  Fig.  319.  The  bending  moment, 
Px,  of  the  eccentric  load  is  resisted  by  horizontal  forces  at  the  ends 
of  the  column  which  form  a  couple,  the  value  of  which  is  also  Px. 
The  maximum  possible  value  is  evidently  Px,  which  would  occur 
with  the  load  at  either  end  of  the  column.  The  minimum  bend- 
ing moment  occurs  when  a  =  6  =  ^j  ^^^  equals  \Px. 

Column  Fixed  at  Both  Ends. — Analysis  shows  that  the  least  value 
of  the  bending  moment  is  iPx  and  occurs  when  b  has  the  follow- 
ing values:  0211L,  0.500L,  and  0.789L.  The  maximum  moment 
is  Px  and  occurs  when  the  bracket  is  either  at  the  top  or  bottom 
of  the  column.  The  moment  diagrams  for  these  cases  are  shown 
in  Fig.  320. 

The  following  general  formulas  may  also  be  obtained : 
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At  il  (Fig.  320), 
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Column  Fixed  at  One  End  and  Free  to  Turn  at  the  Other. — The 
minimum  bending  moment  of  iPx  occurs  for  6  equal  to  0.258L 
or  0.605L.  The  bending-moment  diagrams  for  these  cases  are 
shown  in  Fig.  321  which  also  shows  the  condition  to  make  the 
bending  moment  at  the  base  zero^  and  the  particular  case  of  6  ^^L. 

The  following  general  formulas  apply: 

3Pxb/ 


*==  2L« 


t-^) 


Just  above  C  (Fig.  321), 

Af=-Ka 
Just  below  C, 
M^Px--Ra 

Pboblsm 

24.  Design  a  rectangle  column  15  ft.  long  to  have  fixed  ends  and  to  support 
a  10,000-lb.  load  on  a  bracket  placed  at  two-thirds  the  height  of  the 
column  from  the  base.  The  load  must  be  placed  4  in.  out  from  the  edge 
of  the  column* 


CHAPTER  XV 
WIND  STRESSES 

74.  General  Discussion. — In  high  and  narrow  buildings  atten- 
tion should  be  given  to  the  stresses  caused  by  wind.  This  matter 
is  often  neglected  in  reinforced-concrete  buildings,  but  the 
beiidirig  and  direct  stresses  in  columns  and  girders  due  to  wind 
load  are  frequently  considerable  and  should  be  provided  for. 

Unfortunately  a  rigid  solution  for  finding  wind  stresses,  apply- 
ing the  exact  theory  of  framework  with  rectangular  panels, 
involves  equations  entirely  too  long  and  cumbersome  for  use  in 
practice.  There  are,  however,  a  number  of  approximate  methods 
in  current  use  in  the  design  of  tall  steel  buildings  which  may  be 
employed  for  concrete  buildings  to  give  safe  results.  All  such 
methods,  of  course,  are  open  to  the  criticism  that  the  assumptions 
made  are  not  all  in  accordance  with  the  facts.  The  method  to  be 
employed  in  this  chapter  seems  to  the  writer  more  rational  than 
any  of  the  others. 

76.  An  Approximate  Method. — A  single  bent  will  be  consid- 
ered and  for  the  present,  it  will  be  assimied  that  all  colimms  in 
any  given  story  are  identical,  that  all  girders  of  the  same  floor 
have  exactly  the  same  design  with  a  constant  moment  of  inertia 
throughout,  and  that  the  joints  are  perfectly  rigid.  It  will  be  also 
assumed  that  the  longitudinal  deformations  of  the  members  may 
be  neglected  and  that  the  points  of  inflection  of  the  colimms  occur 
at  the  mid-points. 

A  high  narrow  building  subjected  to  wind  pressure  is  similar  to  a 
cantilever  beam  loaded  at  frequent  intervals.  .  All  columns  on  the 
windward  side  of  the  building  will  take  a  direct  stress  of  tension 
and  on  the  leeward  side  a  direct  stress  of  compression.  With 
equal  column  spacings,  what  might  be  called  a  neutral  axis  will 
occur  at  the  center  of  the  building  (Fig.  322),  and  the  direct  stress 
in  any  given  column  will  be  proportional  to  the  distance  of  the 
column  from  this  neutral  axis.  The  shear  on  any  horizontal 
plane  will  be  assumed  equally  distributed  among  the  columns 
cut  by  that  plane. 
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A  section  or  bent  of  a  high  narrow  building  is  represented  in 
Fig.  322.  To  be  able  to  find  the  internal  stresses  in  the  bent  due 
to  wind  loads,  it  is  necessary  to  find  the  total  horizontal  shear  and 
the  bending  moment  of  the  building  at  any  given  line  of  inflection 
of  the  colxmms.  The  moment  of  the  wind  loads  must  be  placed 
equal  to  the  moment  of  the  direct  stresses  in  the  columns  about 
the  neutral  axis. 

The  calculation  of  stresses  and  bending  moments  in  members 
between  the  fourth  and  sixth  floors  will  be  given  in  detail.    Let 
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8X  be  the  direct  stress  in  each  of  the  fifth-story  columns  B  and  C, 
then  24X'  will  be  the  direct  stress  in  each  of  the  fifth-story 
columns  A  and  Z>.  Taking  moments  about  the  line  of  inflection, 
jSF,  we  have 

(4000)(42)  +  (6000)(30+18+6)  =  (24X)(24+24)  +  (8X)(8+8) 
From  which  8|ir  =  3075  lb.,  and  24X  =  9225  lb. 

In  the  same  way  for  the  fourth-story  columns  we  have,  taking 
moments  about  the  line  of  inflection  GH, 
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(4000)  (54)'+  (6000)  (42+30+ 18+6)  = 

(24X)(24+24)+(8X)(8+8) 

From  which  8X=4950  lb.,  and  24X  =  14,850  lb. 

The  total  horizontal  shear  on  any  line  across  the  building  is  the 
sum  of  the  wind  loads  above  that  line.  The  total  shear  in  the 
fifth-story  columns,  for  example,  is  22,000  lb.  and  in  the  fourth- 
story  columns  is  28,000  lb.  {Y\g.  323).  The  total  horizontal 
shear  in  any  given  story  will  be  assumed  equally  distributed 
among  the  colimms. 

Direct  stresses  and  shears  in  the  columns  of  the  fourth  and  fifth 
stories  are  given  in  Fig.  323.  The  shear  in  the  girders  AB  and  CD 
of  the  fifth  floor  is  14,850  -  9225  =  5625  lb.  The  shear  in  the  girder 
BC  is  (14,850 -9225) +  (4950 -3075)  =7500  lb. 
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The  equations  for  bending  moments  in  the  girders  can  be 
written  as  follows: 

Ml =M6=  (5500)'(6)  +  (7000) (6)  =  +75,000  ft.-lb. 

M2  =  M 6=  +75,000-(14,850-9225)(16)  =  -15,000  ft.-lb. 

M,=M4=  -15,000+75,000=  +60,000  ft.-lb. 

The  bending  moment  at  the  fifth-floor  girder  of  each  fifth-story 
colmnn  is  5500X6  =  33,000  ft.-lb.,  and  of  each  fourth-story 
colxunn  (assuming  the  girder  to  have  no  depth)  is  7000X6= 
42,000  ft.-lb. 

The  compression  in  the  floor  girders  is  6000—1500-4500  lb. 
between  columns  A  and  fi,  4500-1500=3000  lb.  between  B 
and  C,  and  3000- 1500  =  1500  lb.  between  C  and  Z>. 

If  a  high  building  is  not  long  in  proportion  to  its  width,  the 
building  should  be  calculated  for  wind  in  a  longitudinal  'direction 
as  well  as  transversely.    The  reason  for  this  is  obvious. 

If  the  columns  are  unequally  spaced  or  their  equivalent  con- 
crete areas  are  different,  the  location  of  the  neutral  axis  must  first 
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be  found.  The  direct  stresses  in  the  columns  will  vary  both  as 
their  distances  from  the  neutral  axis  and  their  transformed  sec- 
tional areas.  The  horizontal  shears  taken  by  the  columns  will 
vary  as  their  moments  of  inertia.  A  proof  of  this  statement 
regarding  the  horizontal  shears  may  be  found  in  an  article  by 
Prof.  Clyde  T.  Morris  in  the  issue  of  Engineering  News  of  April 
24, 1913. 

Consider  the  spacing  of  columns  as  shown  in  Fig.  324  and 
assume  the  transformed  sectional  areas  of  the  columns  to  be  as 
follows: 
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Fio.  324. 

Col.  1 A  sq.  in. 

Col.  2 1.6Asq.  in. 

Col.  3 l.OAsq.  in. 

Col.  4 l.TAsqin. 

Col.  5 O.SAsq.  in. 

The  unit  stress  on  each  column  will  be  proportional  to  its  distance 
from  the  neutral  axis,  or  distance  from  the  neutral  axis  divided 
by  X  (Fig.  324).  On  each  side  of  the  neutral  axis  the  sum  of  the 
loads  acts  as  a  resultant  at  a  certain  distance  from  the  neutral 
axis.  These  resultants  are  equal  and  act  in  opposite  directions. 
Since  the  two  resultants  are  equal : 

1.6(*-12)  .1.9(1-24)     1.7(40-z)  ,0.8(50-*) 


+ 


+ 


x= 24.7  ft. 


With  X  known,  the  stresses  may  be  determined  in  the  same  man- 
ner as  in  the  case  above,  where  the  columns  are  equally  spaced. 
Let  the  total  stress  in  Col.  1  be  denoted  by  X  and  the  moment  at 
the  line  of  inflection  in  question  be  denoted  by  M,  then 
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The  stress  X  in  Col.  1  may  be  found  from  this  equation.    Then 

the  stress  in  Col.  2  equals       94  7      (^)>  *^^  so  on. 

76,  Wind  Loads  and  Working  Stresses. — As  in  the  design  of 
steel  buildings  it  is  the  custom  to  allow  working  stresses  50  per 
cent  greater  for  wind  stresses  than  are  allowed  for  the  customary 
live  and  dead  loads,  and  to  assume  a  horizontal  wind  pressure  of 
30  lb.  per  square  foot.  This  is  equivalent  to  using  the  same  work- 
ing stresses  throughout  and  providing  for  a  wind  pressure  of  20 
lb.  per  square  foot.  Some  engineers  neglect  the  wind  stresses 
when  the  combined  stresses  due  to  live-,  dead-,  and  wind-loads 
do  not  increase  by  50  per  cent  the  stresses  due  to  live-  and  dead- 
loads  alone.  The  wind-loads  and  working  stresses,  however,  are 
seldom  left  to  the  choice  of  the  designer,  being  generally  fixed  by 
the  building  code  of  the  city  in  which  the  building  is  Ibcated. 

77.  Design  of  Individual  Members.— Columns  should  be  de- 
signed (in  connection  with  the  live-  and  dead-loads)  to  take  the 
direct  stress  due  to  wind  pressure,  and  this  direct  stress  on  the 
tension  side  of  the  neutral  axis  should  not  be  permitted  to  exceed 
the  compressive  stress  due  to  dead  load.  The  bending  moment 
of  any  column  at  the  floor  girder  is  found,  as  already  explained, 
by  multiplying  the  total  amount  of  shear  acting  at  the  point  of 
inflection  of  the  column  by  its  distance  to  the  floor.  Extra  rods 
are  usually  provided  to  care  for  the  bending  moments  in  columns 
and  these  rods  are  lapped  at  the  points  of  inflection — that  is, 
at  the  mid-points  of  the  columns.  The  column  shears  need 
to  be  considered  in  but  few  cases. 

The  compression  in  the  floor  girder  is  due  entirely  to  the  wind- 
load  at  the  floor  in  question.  Each  column  takes  off  a  portion  of 
this  load,  thus  reducing  the  compression  in  each  span  from  wind- 
ward to  leeward.  This  compression  in  the  floor  girders  is  usually 
so  small  as  to  be  negligible.  The  shears  and  bending  moments 
in  floor  girders  are,  however,  often  quite  important.  In  order  to 
design  accurately  for  moment  it  is  usually  necessary  to  plot 
moment  diagrams  for  both  wind-load  and  floor-load  and  then  the 
total  moment  at  any  point  may  be  readily  determined  by  scaling. 

Problem 

25.  Compute  the  moments  and  direct  stresses  in  all  members  shown  in  Fig. 
322. 


CHAPTER    XVI 
•   DESIGN  OP  A  FACTORY  BUILDING 

Plates  XVI  to  XXIII  inclusive  on  the  design  of  a  factory 
building  are  not  much  more  than  suggestive  and  are  presented 
in  order  to  give  the  student  the  proper  start  in  working  out  the 
problems  at  the  end  of  this  chapter.  The  typical  interior  floor- 
bay  design  for  this  building  is  given  in  detail  in  Art.  17,  and  the 
typical  roof-bay  design  in  Art.  38.  The  typical  interior  column 
and  the  typical  interior  and  wall  column  footings  are  presented  in 
Arts.  43  and  47  respectively.  Plate  XXIII  is  the  proposal  freight- 
elevator  layout,  drawn  especially  for  this  book  at  the  Chicago 
office  of  the  Otis  Elevator  Co. 

The  window  dimensions  have  been  taken  from  tables  furnished 
by  one  of  the  prominent  manufacturers  of  steel  sash.  Steel  sash 
are  made  in  standard  units  of  three,  four,  and  five  Ughts  wide 
and  in  any  desired  number  of  lights  in  height  up  to  15  ft.  By 
using  these  standard  units  and  combining  them  by  means  of 
mullions,  openings  of  almost  any  desired  width  and  height  can 
be  fitted.  The  tables  above-mentioned  are  given  below  and  the 
student  should  notice  that  all  window  openings  in  the  building 
have  been  designed  with  the  object  in  view  of  using  this  particular 
type  of  steel  sash.  '  Units  designated  as  A  are  three  lights  wide; 
JB,  four  lights  wide;  and  C,  five  lights  wide.  The  windows  be- 
tween typical  wall  columns  consist  of  four  C  units  five  lights  high, 
each  pane  of  glass  10  in.  by  17  in.  The  masonry  dimensions  of 
the  windows  are  sUghtly  larger  that  the  sizes  of  steel  sash  as 
given  in  the  tables,  since  ample  clearance  must  be  allowed  at  jambs 
to  take  up  all  inaccuracies  of  construction.  In  addition  to  this 
allowance,  at  least  i  in.  must  be  allowed  where  ventilation  ex- 
tends to  the  jambs  so  that  the  ventilators  will  operate  freely. 

The  sizes  of  the  I-beams  for  the  freight  elevator  have  been 
computed  from  the  proposal  layout,  the  position  of  the  loads 
being  determined  by  scaling.  Fig.  325  shows  the  loads  which 
come  from  both  upper  and  lower  sets  of  I-beams  at  the  comers  of 
the  elevator  shaft.  The  student  should  use  these  loads  in  the 
problems  which  follow. 
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WIDTHS  OF  COMBINATIONS 
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Steel  rolling  doors  may  be  placed  on  the  face  of  a  wall  or 
between  the  jambs.  If  placed  on  the  face  of  wall,  the  curtain 
will  need  a  width  from  8  to  12  in.  more  than  the  door  opening. 
The  coil  box  is  usually  about  15  in.  high  and  13J  in.  wide.  Cur- 
tains more  than  10  ft.  in  width  and  12  ft.  in  height  should  be 
operated  by  means  of  an  endless  chain,  crank,  and  bevel  gear. 

The  typical  roof  bay  was  designed  in  Art.  38  as  carrying  2  ft. 
of  cinders.  This  is  the  maximum  fill  as  shown  on  Plate  XX  and 
occurs  over  only  a  small  portion  of  the  roof.  A  less  fill  than  this 
should  properly  be  considered  over  the  typical  interior  roof  bays 
at  least,  but,  for  simplicity,  the  student  uia^ .  consider  a  2-ft.  fill 


DESIGN  OF  A  FACTORY  BUILDING 


421 


to  exist  over  the  entire  roof  surface.  The  roof  slab  over  the 
freight  elevator  should  be  figured  as  simply  supported  and  rein- 
forced in  two  directions. 

The  span  of  the  wall  beams  and  wall  girders  should  be  taken  as 
the  net  span  between  supports  plus  the  total  depth  of  the  member 
which  is  being  designed.    All  end  spans  of  continuous  beams  and 

gil,^rs  should  be  figured  for  a  moment  of  -tj^  both  at  the  center 

of  span  and  at  the  interior  support.  The  beam  depths  given  by 
the  student  in  his  designs  should  not  include  the  1-in.  floor  finish. 
The  weight  of  windows  may  be  taken  at  7  lb.  per  square  foot 
of  window  area.    The  live  load  on  the  loading  platform  should  be 
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Fig.  325. 


considered  the  same  as  on  the  floors — ^namely,  250  lb.  per  square 
foot  including  the  cement  finish. 

Roof  girder  gf  6  at  the  rear  of  the  freight  elevator  should  be 
made  a  steel  I-beam  (surrounded  by  concrete)  so  as  to  provide 
properly  for  all  diagonal-tensile  stresses.  It  does  not  seem  feas- 
ible to  try  to  place  reinforcing  steel  to  take  care  of  all  such  stresses 
in  a  girder  so  irregularly  loaded.  Beams  fill  and  B  13,  and  gir- 
ders G  6  are  likely  to  have  negative  bending  moment  throughout 
their  entire  length  and  negative  reinforcement  should  be  provided 
throughout  to  take  care  of  the  resulting  stresses.  Beams  and 
girders  such  as  fi  8,  fi  9,  and  G  7  should  be  figured  as  simply 
supported  and  six-tenths  as  much  steel  should  be  placed  over 
supports  as  at  the  center  of  span.  The  ends  of  bent-up  rods 
should  project  into  adjoining  slabs  far  enough  to  secure  good 
bond. 

Beam  and  girder  data  called  for  in  the  problems  at  the  end  of 
this  chapter  should  be  presented  in  the  form  shown  on  page  429: 


422      REINFORCED  CONCRETE  CONSTRUCTION 


E: 


Fnonl-  Elevation 


PLATE  XVI 
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Rear  Elevation 
Factory  building — Elevations. 
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PLATE  XVII 
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Factory  building — Foundation  plan. 
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Factory  building — Floor  frammg  plan. 
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PLATE  XIX 
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Factory  building — Roof  framing  plan. 
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PLATE  XX 
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Factory  building — Elevator-^haft  details  and  roof  plan. 
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PLATE  XXII 
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Factory  building — Stair  details. 
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The  data  given  is  for  the  floor-bay  design  of  Art.  17,  Scheme  No. 
1,  and  this  is  the  scheme  that  should  be  adopted  by  the  student 
in  the  designing  work  which  follows.     Column  data  should  be 
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presented  in  a  somewhat  similar  fashion  to  the  manner  shown  in 
Art.  43.  Footing  data  should  also  be  presented  in  some  suitable 
form.  The  same  letters  and  figures  should  be  employed  to  desig- 
nate the  different  members  as  is  shown  in  the  text. 
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Problems 

26.  Submit  all  data  for  beams,  girders,  columns,  and  footings,  exclusive  of 
those  surrounding  the  stair  and  elevator  shafts.  Use  only  plain  round 
rods  of  medium  steel  and  employ  the  working  stresses  recommended  by 
the  Joint  Committee.  Consider  the  wall  beams  and  wall  girders  as  rec- 
tangular in  section. 

27.  Make  complete  details  of  elevator  shaft  and  pent  house,  and  submit 
drawings  for  approval.  All  beam,  girder,  and  other  data  should  be 
submitted  in  the  regular  forms. 

28.  Make  similar  details,  ^tc,  for  stair  shaft. 

29.  Send  in  completed  drawings  of  entire  building  showing  all  steel  rein- 
forcement, dowels,  etc.  All  structural  parts  indicated  in  the  suggested 
drawings  should  be  carefully  detailed. 


CHAPTER  XVII 

EXAMPLE  OF  A  BUILDING  DESIGN  INCLUDING  THE 
SPECIFICATIONS 

The  building  erected  for  the  Frank  E.  Davis  Fish  Co.,  Glouces- 
ter, Mass.,  during  the  years  1910-1911  contains  many  special 
features  in  design.  The  writer  believes  that  the  plans  and  speci- 
fications for  this  building  are  sufficiently  instructive  to  include 


Courtesy  of  Denamore  A  LeClear. 

Fig.  326. — Front  view  of  Frank  E.  Davis  Fish  Co.'s  building,  Gloucester, 

Mass. 

the  greater  part  of  them  in  this  text.  A  study  of  the  material 
presented  should  give  the  student  a  better  grasp  of  the  subject 
of  reinforced-concrete  design  and  construction,  and  the  details 
incidental  thereto.  The  floor  design  is,  of  course,  very  simple  but 
the  student  should  need  no  further  instruction  along  this  line. 

431 
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The  plans  and  specifications  are  the  work  of  Densmore  and 
LeClear,  Engineers  and  Architects,  Boston,  Mass.,  who  have 
kindly  permitted  the  use  of  same  in  this  text.  It  was  found 
impossible  to  include  all  the  notes  given  on  the  original  drawings 
but  all  those  of  special  importance  are  shown.  The  third-floor 
plan  is  not  given  as  the  second  and  third  floors  are  similar  in 
nearly  every  particular.     The  sections  on  "Plumbing"  and  "Gas 


Courtesy  of  Dentmore  &  LeClear, 

FiQ.  327. — Rear  view  of  Frank  E.  Davis  Fish  Co/s  building,  Gloucester, 

Mass. 

Piping''  have  been  omitted  from  the  specifications.  Front  and 
rear  views  of  the  building  are  presented  in  Figs.  326  and  327 
respectively.  A  method  of  estimating  the  concrete  work  is  shown 
in  Chapter  XXVII. 

SPECIFICATIONS  IN  GENERAL 

Materials  and  Labor  to  be  Furnished  by  Contractor: 

1.  The  Contractor  shall  furnish  all  materials  and  labor,  in  connection 
with  the  work  included  in  this  contract,  which  are  mentioned,  specified, 
or  indicated,  in  the  specifications  or  on  the  drawings,  or  which  are 
necessary  for  the  proper  completion  of  the  work. 
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Outline: 

1.  The  building  is  to  be  of  reinforced-concrete  construction  through- 
out. 
Drawings: 

1.  The  drawings  of  the  work,  which  form  a  part  of  this  contract  are: 

2.  Detail  drawings,  if  necessary,  will  be  furnished  by  the  Engineers, 
and  shall  be  followed  in  preference  to  general  drawings. 

3.  Figured  dimensions  shall  be  followed  in  preference  to  scale 
dimensions.  *  AU  dimensions  shall  be  verified  at  the  work  where  possible. 

4.  The  Contractor  shall  provide  working  drawings  of  any  part  of 
the  work,  upon  request  by  the  Engineers. 

5.  (a)  The  Engineers  will  provide  the  Contractor  with  two  blue 
prints  of  each  drawing  and  with  one  copy  of  the  specifications  in 
addition  to  the  Bigned  copy. 

(b)  The  Contractor  is  to  provide  at  his  own  expense  any  additional 
blue  prints  or  copies  of  specifications  which  may  be  required  by  him  or 
by  his  sub-contractors. 
Application  of  Contract  Form  and  "In  General'' : 

1.  The  Contractor  is  to  see  that  all  sub-contractors  read  the  terms 
and  conditions  of  the  Contract  Form  and  of  "In  General,"  all  of  which 
apply  to  all  sub-contractors  as  well  as  to  the  Contractor. 
Specimens : 

1.  The  Contractor  shall  submit  to  the  Engineers,  upon  request,  for 
their  approval,  samples  of  any  materials  which  are  specified  for  or 
intend^  to  be  used  in  the  performance  of  the  work,  and  all  materials 
furnished  are  to  be  equal  in  every  respect  to  the  samples  approved  by 
the  Engineers.  . 
Catting,  Patching,  etc. : 

1.  The  Contractor  is  to  do  all  cutting,  drilling,  patching,  etc.,  neces- 
sary for  any  of  the  work  included  in  this  contract,  or  is  to  make  the 
necessary  arrangements  for  the  doing  of  such  work  by  his  sub-con- 
tractors. 

2.  The  Contractor  is  to  do  all  cutting,  patching,  etc.,  for  the  electrical 
work,  steam-fitting,  sprinkler  and  other  fire-protection  work,  not 
included  in  this  contract,  except  that  small  drilling  for  expansion 
bolts,  etc.,  will  be  done  by  the  electrician,  steamfitter,  etc. 

Temporary  Heat : 

1.  Is  not  to  be  provided  by  the  Contractor. 
Cleaning:    Pointing: 

1.  All  the  tools  of  the  Contractor  are  to  be  removed  from  the  premises 
upon  completion  of  the  work;  all  dirt,  debris,  and  waste  materials 
caused  in  the  performance  of  the  work  are  to  be  removed  from  the 
premises  from  time  to  time  as  may  be  necessary  and  when  directed  by 
the  Engineers. 

2.  AU  of  the  work  is  to  be  thoroughly  cleaned  and  swept  at  com- 
pletion, and  all  glass  is  to  be  washed,  leaving  the  building  clear,  clean, 
and  ready  for  use. 

3.  The  final  cleaning  is  to  be  done  after  all  contractors,  sub-con- 
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tractors,  and  mechanics  employed  upon  the  building  have  completed 
their  work. 

4.  The  window  frames  are  to  be  carefully  pointed  with  cement 
mortar  when  the  exterior  cleaning  is  being  done;  the  staff  beads  are  to 
be  removed  and  replaced  as  specified  below  imder  "Carpentry." 

5.  The  spaces  under  the  window  sills  are  to  be  filled  with  oakum 
and,  for  the  last  inch,  with  cement  mortar. 

Notices,  City  Inspection,  Etc. : 

1.  The  Contractor  is  to  give  proper  notices  to  inspectors  of  city, 
state,  etc.,  and  is  to  have  all  parts  of  the  work  inspected  and  approved 
by  them  as  may  be  required. 

2.  If  the  City  requires  a  city  inspector  at  the  work  continuoiisly  the 
charges  pf  the  City  therefore  will  be  borne  by  the  Owner. 

Contractor's  House : 

1.  The  Contractor  is  to  provide  and  maintain,  during  the  entire 
progreiss  of  the  work,  a  suitable  house  with  necessary  tables,  racks, 
etc.,  for  the  storing,  handling  and  inspection  of  the  drawings  and 
specifications. 

2.  It  is  to  be  properly  heated  and  lighted,  at  the  expense  of  the 
Contractor,  and  is  to  be  used  by  all  sub-contractors  and  by  all  other 
mechanics  employed  on  the  building,  whether  or  not  their  work  is 
included  in  this  contract. 

Protection  of  Public : 

1.  The  Contractor  is  to  provide  and  maintain  all  necessary  guards, 
fences,  lights,  signs,  etc.,  for  the  proper  protection  of  the  public. 
Water: 

1.  The  Contractor  is  to  provide  abundant  clean  water  for  all  parts  of 
the  work,  making  all  necessary  arrangements  with  the  city,  paying 
all  fees,  etc. 
Building  Risk  and  Watchman : 

1.  The  Contractor  is  to  assume  all  responsibility  for  damage  to  the 
building  and  to  the  materials  to  be  used  in  its  construction,  and  is  to 
provide  a  watchman  at  night  and  on  Sundays  and  holidays,  when  the 
condition  of  the  building  requires  it. 
Lines,  Levels,  Batter  Boards : 

1 .  The  Contractor  is  to  employ  an  experienced  engineer  to  establish 
and  from  time  to  time  to  check,  by  instrument,  all  lines,  levels,  and 
grades  of  the  building,  and  alignment  of  piers,  columns,  etc. 

2.  Batter  boards  are  to  be  put  up  at  proper  distances  from  the 
building  and  the  lines,  levels,  and  grades  are  to  be  plainly  marked  on 
them. 

3.  All  grades  marked  on  the  drawings  refer  to  the  mean  low  water 
as  based  on  the  assiunption  that  the  capping  of  the  Davis  Wharf  is 
14.5  ft.  above  mean  low  water. 

Drains,  Pipes,  Wires,  Etc. : 

1.  All  existing  drains,  pipes,  wires,  telephone .  and  telegraph  poles, 
etc.,  in  the  way  of  or  disturbed  by  the  progress  of  the  work  are  to  be 
removed,  replaced,  extended,  or  repaired,  as  circumstances  prove  de- 
sirable. 
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PLATE  XXV 
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Frank  E.  Davis  Fish  Co.'s  building — West  elevation. 
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PLATE  XXVI 
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Frank  E.  Davis  Pish  CJo.'s  building — East  elevation. 
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PLATE  XXXII 
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Frank  E.  Da^is  Fish  Co.'s  building — Roof  and  location  plans. 
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Frank  E.  Davis  Fish  Co.'s  building — Framing  pl;vn  and  girder  data. 
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TEMPERATURE 
REINFORCEMENT 
All  concrete  curtain  waf/s, 
inc/uding  b*s'mt  curtain  wa/ts 
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to  have  temperature  rein- 
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reinforcement  as  curtain  ml/. 


Frank  E.  Davis^Fish  Co.'s  building — Column,  stair,  and  other  data. 
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2.  Where  such  materials  are  the  property  of  the  city  or  oC  public 
service  corporations  the  Contractor  is  to  make  all  necessary  arrangem^its 
,    with  the  city  or  corporations. 
Prepajrment  of  Express  and  Freight  Charges: 

1.    The  Contractor  is  to  see  to  it  that  all  materials  are  shipped  to 
the  building  prepaid,  as  the  Owner  will  not  advance  payment  for  any 
express,  freight,  or  similar  charges. 
Inspection  of  Premises : 

1.  The  Contractor  is  to  visit  the  site  of  the  building  and  make 
himself  thoroughly  familiar  with  the  premises,  the  nature  of  the  soil, 
and  the  conditions  imder  which  the  work  is  to  be  performed,  before 
submitting  a  figure;  he  is  also  to  see  that  all  sub-contractors  similarly 
investigate  the  conditions  under  which  the  work  is  to  be  done,  as  may 
be  necessary. 
Templates,  Models,  Etc. : 

1.  The  Contractor  is  to  provide  all  templates  or  models  which  may 
be  required. 

2.  Models  are  provided  for  under  the  heading  "Allowances''  below. 
Closing  in  and  Protection  of  Work : 

1.  Temporary  doors  or  screens  for  all  openings  in  the  building  are 
to  be  furnished  to  keep  out  the  weather,  when  directed  by  the  Engineers. 

2.  The  building  is  to  be  kept  locked  when  no  work  is  being  done  in 
it,  beginning  at  the  earliest  time  practicable  and  continuing  until  the 
work  is  completed. 

3.  The  stair  treads  are  to  be  covered  with  temporary  boards  and  all 
other  parts  of  the  work  are  to  be  protected  from  injury  as  may  be  found 
necessary;  any  part  of  the  work  damaged  in  any  manner  is  to  be  replaced 
at  completion  of  the  work  at  the  expense  of  the  Contractor. 

Guarantee : 

1.  The  Contractor  is  to  make  good  any  defects,  settlements,  shrink- 
age, injurious  cracks  or  other  faults  arising  from  defective  or  improper 
workmanship  or  materials  which  appear  within  one  year  from  the  date 
of  the  completion  of  the  work  included  in  this  contract. 

2.  The  Contractor  is  also  to  guarantee  the  roof,  as  specified  below 
imder  that  heading. 


EXCAVATING;  REFILLING;  GRADING 

Removal  of  Present  Building : 

1.  The  present  building  entire,  excepting  the  front  basement  wall 
will  be  removed  down  to  grade  15.5  by  the  Owner. 

2.  The  front  basement  wall  (which  is  also  a  retaining  wall  for  the 
street)  and  all  construction  below  grade  15.5  as  necessary  are  to  be 
removed  by  the  Contractor. 

3.  All  necessary  shoring  is  to  be  included  by  the  Contractor. 
Excavating : 

1.  Is  to  be  done  for  the  entire  work  to  required  grades,  all  referred 
to  the  "base"  noted  on  page  434. 
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2.  Excavations  are  to  be  made  wide  enough  to  permit  of  the  proper 
installation  of  forms  and  the  mopping  of  and  filling  in  and  around 
exterior  walls.  (The  fiUing  in  and  mopping  are  specified  under  "  Re- 
filling''  and  "Concrete  Work"  reepectivdy.) 

3.  All  shoring  and  sheet  piling,  etc.,  necessary  for  completing  the 
excavating  or  for  maintaining  the  excavations  for  the  proper  com- 
pletion of  any  of  the  work  of  this  contract,  are  to  be  included,  and  are 
to  be  properly  protected  until  all  refilling  has  been  completed. 

4.  All  excavations  are  to  be  kept  free  from  dirt,  rubbish,  or  other 
materials,  and  all  water  is  to  be  pumped  from  the  excavations  as  may 
be  necessary  for  the  proper  completion  of  the  work  included  in  this 
contract. 

5.  Excavated  material  is  to  be  used  for  refilling  and  grading,  except 
-  rubbish,  sticks,  etc.,  which  are  to  be  piled  on  the  premises  where  directed; 

surplus  excavated  material,  if  any,  is  to  be  piled  on  the  premises,  where 
directed. 
Refilling: 

1.  All  excavations  are  to  be  fiUed  to  the  grades  required. 

2.  (a)  All  excavations  around  exterior  walls  are  to  be  filled  in  from 
a  point  1  ft.  below  the  level  of  the  bottom  of  the  basement  floor 
slab  to  finished  grade  for  a  distance  not  less  than  18  in.  from  the  walls. 

(b)  The  filling  around  exterior  waUs  is  to  be  clear  gravel  or  crushed 
stone  up  to  a  level  18  in.  below  finished  grade. 

(c)  The  filling  around  exterior  walls  from  a  level  18  in.  below  up  to 
finished  grade  is  to  be  good  clean  earth. 

3.  (a)  All  filling  is  to  be  thoroughly  rammed  and  watered  so  as  to 
pack  it  thoroughly;  (b)  all  filling  imder  floors  is,  in  addition,  to  be  rolled 
and  cross  rolled  in  layers,  made  smooth  and  level,  and  carried  full  to 
the  under  side  of  the  floor  slab;  this  work  is  to  be  done  as  soon  as  prac- 
ticable so  as  to  be  as  solid  as  possible  when  the  basement  floors  are  put 
down. 

Grading: 

1.  The  excavated  material  is  to  be  used  for  grading  to  levels  shown 
on  the  drawings,  all  rubbish,  sticks,  etc.,  being  removed. 

2.  No  new  material  for  grading  is  to  be  provided  if  the  excavated 
material  left  over  after  refilling  is  insufiicient. 

CONCRETE  WORK 

In  General: 

1.  All  construction  is  to  be  of  reinforced  concrete  unless  otherwise 
indicated  or  specified. 

2.  All  materialB  and  workmanship  are  to  be  of  the  best  grade  in 
accordance  with  the  best  modem  practice,  and  all  work  is  to  be  done 
imder  the  direct  superintendence  of  a  capable  foreman,  experienced  in 
reinforced-concrete  construction. 

Materials: 
CemerU: 

1.  Is  to  be  high-grade,  well-seasoned,  American  cement. 
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2.  Is  to  be  delivered  in  suitable  packages  with  the  brand  and  name 
of  the  manufacturer  clearly  marked  thereon. 

3.  (a)  Is  to  be  stored  in  a^  suitable  water-tight  building  and  kept 
free  from  moisture;  (b)  is  to  be  so  stored  that  shipments  will  be  used  in 
the  order  of  their  delivery;  (c)  no  cement  of  any  shipment  is  to  be 
used  sooner  than  12  days  after  delivery  imless  samples  have  first  been 
tested  and  have  passed  the  requirements  for  the  "7  days'  test." 

4.  (a)  Each  shipment  is  to  be  tested  by  an  expert  sdected  by  the 

Engineers;  the  expense  is  provided  for  under  ''Allowances." 
(b)  The  tests  are  to  be  made  in  accordance  with  the  methods 
proposed  by  the  Committee  on  Uniform  Tests  of  Cement  of 
the  American  Society  of  Civil  Engineers,  in  their  report  of 
January  21,  1903,  with  all  subsequent  amendments, 
(c)  Samples  must  show  results  in  accordance  with  the  require- 
ments of  the  American  Society  for  Testing  Materials,  except 
those  for  tensile  strength,  the  requirements  for  which  shall  be: 


Neat  Cement 

Age  Tensile  strength 

24  hours  in  moist  air 176  lb.  per  square  foot 

7  days  (1  day  in  moist  air,  6  days  in 

water) 660  lb.  per  square  foot 

28  days  (1  day  in  moist  air,  27  days  in 

water) 660  lb.  per  square  foot 

One  Part  Cement,  Three  Parte  Sand 

7  days  (1  day  in  moist  air,  6  days  in 

water) 200  lb.  per  square  foot 

28  days  (1  day  in  moist  air,  27  days  in 

water) 276  lb.  per  square  foot 

The  five-hour  steam  test  may  be  replaced  by  a  four-hour  boiling  test. 

(d)  The  contractor  is  to  provide  a  competent  man  to  aid  in  taking 
samples,  when  requested  by  the  Engineers. 

(e)  The  tests  shall  include  the  determination  of  specific  gravity, 
fineness,  time  of  setting,  tensile  strength,  constancy  of  volume, 
and  percentage  of  sulphuric  acid  and  magnesia,  and  samples 
must  show  results  in  accordance  with  the  requirements  (A 
the  American  Society  for  Testing  Materials. 

(f)  The  sand  used  in  the  tests  is  to  be  "Ottawa"  sand. 
Sand:  ' 

1.  Is  to  be  coarse,  sharp,  and  clean,  free  from  clay,  dirt,  loam  or 
other  foreign  substances. 

2.  Is  to  be  furnished  as  required  for  making  "cement-sand"  samples, 
for  testing. 

3.  Is  to  be  tested  by  an  expert  selected  by  the  Engineers,  and  when 
mixed  with  the  cement  in  the  proportions  of  one  pai^  of  cement  to  three 
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parts  of  Band  muet  give  tensile  strength  not  less  then  70  per  cent  of 
the  tensile  strength  specified  above  for  the  cement  mixed  with  "  Ottawa" 
sand. 

4.  The  expense  of  the  testing  is  provided  for  under  "Allowances/' 
Stone: 

1.  Is  to  be  clean,  sharp  granite,  without  any  slate,  shale,  or  limestone, 
and  free  from  all  foreign  substances. 

2.  Is  to  be  screened  clear  of  all  dust  and  sand  and  of  all  stone  which 
will  pass  through  a  }-in.  mesh  screen,  except  stone  for  granolithic  or 
for  other  special  finish,  which  is  to  be  screened  of  dust,  but  is  to  pass 
through  i-in.  mesh  or  small  screen,  as  required. 

3.  Is  to  be  of  graduated  size  in  each  mixture;  the  maximum  sizes  for 
different  parts  of  the  work  are  specified  under  "Mixtures"  below. 

Cinders: 

1.  Are  to  be  clean,  free  from  ashes  or  other  foreign  matter. 
Reinforcement: 

1.  Is  to  be  open  hearth  or  Bessemer  "Medium''  steel,  in  the  form 
of  plain  round  rods,  and  having  the  properties  required  by  the  "  Manu- 
facturers Standard  Specifications." 

2.  (a)  Tests  are  to  be  made  by  an  expert  selected  by  the  Engineers; 
(b)  any  shipment  of  steel  is  to  be  rejected  if  the  tests  indicate  that  the 
steel  is  not  up  to  the  specifications;  (c)  the  expense  of  testing  is  provided 
for  under  "Allowances." 

3.  The  sub-contractor  furnishing  the  steel  is  to  be  approved  by  the 
engineers  before  the  contract  is  signed. 

4.  (a)  "Deformed"  bars,  of  same  area  as  the  round  rods  specified, 
may  be  substituted  subject  to  the  approval  of  the  Engineers. 

(b)  In  the  case  of  such  substitution  the  properties  of  the  steel  must 
be  approved  by  the  Engineers  and  filled  in  below  before  the  contract  is 
signed,  and  the  same  requirements  regarding  tests  shall  hold  as  specified 
for  round  rods. 
Bfiixtures: 

Determinaiion  of  Proportions: 

1.  (a)  Bottomless  boxes,  of  dimensions  approved  by  the  Engineers, 
are  to  be  made  for  determining  the  proportions  of  sand  and  stone,  and 
are  to  be  carefully  preserved  throughout  the  progress  o^  the  work. 

(b)  All  barrows  used  for  sand,  stone,  and  cement  are  to  be  of  the 
same  type  and  size  and  are  to  be  carefully  calibrated  for  determining 
proportions,  but  must  be  tested  from  time  to  time  by  comparison  with 
the  boxes,  when  required  by  the  Engineers. 

2.  Proportions  of  cement  are  to  be  determined  by  weight,  on  the 
basis  of  1  cu.  ft.  weighing  100  lb.  or  a  standard  bag  of  95  lb. 
containing  95/100  cu.  ft. 

3.  All  mixtures  are  to  be  made  with  a  suitable  mechanical  mixer. 
Consistency  of  Mixtures: 

1.  The  mix  is  to  be  "wet,"  the  exact  consistency  being  determined 
at  the  building. 
Stone  Concrete: 

1.  Is  to  be  mixed  in  the  proportions  of  one  part  of  cement — 2^  parts 
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of  sand — 5  parts  of  stone,  of  graduated  sizes,  the  maximum  of  which 
will  pass  a  2}-in.  mesh  for 

(a)  Footings. 

(b)  Basement  floor  except  for  dressing. 

2.  Is  to  be  mixed  in  the  proportions  of  1  part  of  cement,  2  parts  of 
sandy  4  parts  of  stone,  of  graduated  sizes,  the  maximum  of  which  will 
pass  a  1-in.  mesh,  for 

(a)  All  parts  of  the  work  other  than  specified  above  under  (1), 
except  granolithic,  and  except  finish  work  specified  bdow. 

3.  Is  to  be  mixed  in  the  proportions  specified  under  (2)  above,  but 
with  stone,  the  maximum  size  of  which  will  pass  a  J-in.  mesh,  for  all 
molded  work. 

4.  The  exposed  exterior  surface  of  the  main  front  entrance  porch 
is  to  be  made  with  concrete  composed  of  the  same  mix  specified  under 
(2)  above,  except  that  the  stone  is  to  be  pass  a  |-in.  mesh  and  is  to  be  of 
such  color  as  to  give  a  uniform  effect. 

5.  (a)  A  sample  of  the  special  finish  concrete  specified  under  (4) 
above,  not  less  than  1  ft.  square,  is  to  be  submitted  after  the  contract 
is  awarded. 

6.  The  name  panel  on  the  front  elevation  is  to  be  made  with  very 
small  stone  so  that  the  surface  shall  be  suitable  for  carving. 

Cinder  Concrete: 

1.  Is  to  be  mixed  in  the  proportions  of  1  part  of  cement,  4  parts  of 
sand,  8  parts  of  cinders. 
Granolithic: 

1.  Is  to  be  mixed  in  the  proportions  of  1  part  of  cement,  1  part 
sand,  and  1  part  crushed  stone,  maximum  size  to  pass  through  {-in, 
mesh. 

2.  Is  to  be  laid  monolithic  with  construction  work  and  in  the  best 
manner. 

Cement  Mortar  and  Grout: 

1.  Is  to  be  mixed  in  the  proportion  of  1  part  of  cement  and  2  parts 
of  sand. 
Forms  and  Molds : 

1.  (a)  Are  to  be  provided  for  all  parts  of  the  work  except  for  base- 
ment floor  and  for  bottom  of  footings. 

(b)  Where  forms  are  not  used  the  fill  is  to  be  made  true  and  smooth. 

2.  Are  to  be  made  of  green  material,  free  from  shakes,  loose  knots, 
warping,  splinters,  etc.,  where  adjacent  to  concrete. 

3.  Are  to  be  accurately  put  together  and  nicely  fitted,  with  close 
joints. 

4.  Are  to  be  of  sufficient  thickness,  with  sufficient  ties  and  bracing, 
to  prevent  all  deflection  either  from  the  weight  of  the  concrete,  men,  or 
machinery,  or  from  the  ramming  of  the  concrete  or  from  other  work 
going  on. 

5.  Are  to  be  securely  supported  at  frequent  intervals  to  prevent  any 
change  in  form;  the  supports  are  to  be  carried  down  to  solid  work  and 
must  in  no  case  rely  on  recently  erected  construction;  the  method  of 
support  is  to  be  subjected  to  the  approval  of  the  Engineers. 
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6.  Are  to  be  installed  so  that  columns,  girders,  piers,  beams,  slabs, 
etc.,  shall  be  plumb,  level  and  true. 

7.  Are  to  be  nicely  dressed  on  the  sides  against  the  concrete  for  all 
construction  where  the  concrete  wiU  be  exposed  to  view  after  completion, 
either  interior  or  exterior. 

8.  Are  to  be  properly  greased  or  oiled  on  the  surface  in  contact 
with  the  concrete. 

9.  Are  to  be  so  constructed  as  to  be  readily  taken  down  without 
damaging  the  concrete. 

10.  Are  to  be  throughly  cleaned  and  swept  just  before  concrete  is 
dumped,  suitable  trap  doors  being  installed  at  the  bottom  of  all  column 
forms  for  cleaning  and  inspection. 

11.  Are  to  be  left  in  place  until  the  concrete  has  set  sufficiently,  as 
approved  by  the  Engineers. 

12.  All  right-angle  comers  on  girders  and  beams  and  interior  columns 
are  to  be  prevented  by  installing  triangular  strips  in  the  forms. 

13.  All  forms  for  rustications,  moldings,  etc.,  are  to  be  carefully 
placed  and  secured  and  are  to  be  made  to  detail  of  true  and  uniform 
cross-section  throughout. 

Construction  Work : 
Placing  Concrete: 

1.  The  concrete  is  to  be  placed  carefully,  so  as  not  to  separate  the 
aggregate. 

2.  Each  layer  is  to  be  thoroughly  tamped  and  spaded  so  as  to  bring 
the  water  to  the  surface,  to  completely  fill  the  forms  and  to  pack 
solidly  around  all  reinforcement. 

3.  Wherever  the  concrete  is  to  be  exposed  it  is  to  be  pried  away 
from  the  forms  before  tamping  so  that  the  mortar  will  be  brought  to 
the  surface. 

4.  Column  tops,  girders,  and  beams  are  to  be  poured  as  monoliths 
with  the  floors  they  support. 

5.  The  columns  are  to  be  poured  from  the  floor  levels  to  the  bottoms 
of  the  column  tops,  girders,  or  beams  and  are  then  to  be  allowed  to 
take  their  shrinkage  before  the  tops,  girders,  or  beams  are  poured. 

6.  (a)  Joints  due  to  temporary  stopping  of  work  are  to  be  made 
where  the  least  harm  to  strength  and  appearance  will  be  produced  by 
the  lack  of  a  perfect  monolithic  construction. 

(b)  Joints  in  floor  slabs,  beams  and  girders,  are  to  be  avoided  as 
far  as  possible,  but  when  necessary  are,  in  general,  to  be  made  in  the 
middle  of  the  bays. 

(c)  All  locations  of  joints  are  to  be  approved  by  the  Engineers. 

(d)  Where  joints  occur,  the  surfaces  are  to  be  made  approximately 
true  by  stopping  the  concrete  against  temporary  forms. 

(e)  No  concrete  is  to  be  laid  in  freezing  weather;  any  work  which 
has  been  subjected  to  a  temperature  of  less  than  30°  F.  within  48  hours 
after  being  placed  for  a  sufficient  time,  in  the  opinion  of  the  Engineers, 
to  cause  injury  to  it,  is  to  be  removed  and  replaced. 

7.  All  concrete  is  to  be  kept  thoroughly  wet  down  in  warm  weather 
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for  one  week  after  being  placed,  and,  where  feasible,  b  to  be  protected 
from  the  sun. 

8.  All  wooden  and  metal  blocks,  sockets,  anchors,  bolts,  pipe  sleeves, 
etc.,  etc.,  are  to  be  built  in,  care  being  taken  that  the  concrete  is  cloedy 
packed  around  them. 

9.  After  the  forms  are  removed  all  necessary  repairs  are  to  be  made 
with  cement  mortar  to  produce  a  smooth  flush  surface. 

Placing  Reinforcement: 

1.  All  concrete  work  is  to  be  reinforced  with  steel,  as  indicated  on 
the  drawings  where  details  of  reinforcement  are  given,  and  as  directed 
by  the  Engineers  where  details  of  reinforcement  are  not  given. 

2.  No  reinforcing  steel  is  to  be  painted  or  oiled ;  but  is  to  be  thorou^y 
cleaned  and  freed  from  rust  scales  before  being  set  in  place. 

3.  All  reinforcing  steel  is  to  be  carefully  and  accurately  bent  to  the 
exact  shapes  required  and  is  to  be  accurately  placed  and  securely  tied 
in  place  so  as  to  insure  the  preservation  of  its  proper  shape  and  position 
after  the  concrete  is  placed  and  tamped. 

4.  All  reinforcing  steel  for  girders  and  beams  is  to  be  made  up  in 
"unit  frames"  before  being  placed. 

5.  Rods  are  to  have  a  lap  of  40  diameters,  as  indicated  on  the  draw- 
ings, or  are  to  be  secured  to  develop  the  strength  of  the  rod  in  manner 
approved  by  the  Engineers. 

6.  All  column  and  pier  reinforcing  rods  are  to  be  prop^ly  joined 
and  secured,  and  are  to  be  tied  together  with  steel  wire  every  12  in.  in 
height. 

7.  All  reinforcement,  except  "temperature  reinforcement,"  is  to  be 
so  placed  the  it  shall  be  covered  by  concrete  not  less  than  |  in.  in  slabs, 
nor  less  than  1}  in.  in  girders,  beams,  and  columns. 

8.  All  reinforcing  steel  is  to  be  inspected  and  approved  in  place  by 
the  Engineers  before  it  is  covered  with  concrete,  and  no  concrete  is  to 
be  placed  until  the  approval  of  the  reinforcement  by  the  Engineers 
has  been  obtained. 

Floors: 

1.  Are  all  to  be  stone  concrete  with  granolithic  finish,  except  where 
otherwise  specified  below. 

2.  Are  all  to  be  lined  in  squares. 

3.  All  granolithic  is  to  be  of  the  highest  grade  of  workmanship. 

4.  The  floors  are  to  pitch  to  drain  where  so  indicated;  elsewhere  they 
are  to  be  levd. 

6.  The  floor  in  the  cleaning  room,  in  the  basement,  is  to  have  sani- 
tary base  turned  up  all  around  the  room,  with  1-in.  radius,  ready  to 
receive  tiling  on  walls. 

7.  The  barrel  cleaning  pit  in  basement  is  to  be  built  essentially  as 
indicated. 

Roof: 

1.  Is  to  be  finished  smooth  as  necessary  for  installing  the  roofing 
specified  under  "Roofing  and  Sheet  Metal  Work." 

2.  (a)  Is  to  pitch  to  drain,  as  indicated;  (b)  the  pitch  is  to  be  obtained 
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by  pitching  the  roof  slabs;  (o)  cinder  concrete  crickets  are  to  be  in- 
stalled as  required. 
Stairs  and  Landings: 

1.  The  main  stairs  and  landings  from  first  to  third  floors,  except  the 
landing  at  floor  leveb,  are  to  be  of  iron  as  specified  below,  all  other 
stairs  and  landings  are  to  be  of  concrete. 

2.  (a)  Concrete  stairs  are  to  have  granolithic  finish. 

(b)  Are  to  be  reinforced  in  accordance  with  details  or  directions  to  be 
provided  by  the  Engineers. 

3.  All  sockets  for  railings,  etc.,  are  to  be  built  in  place,  the  sockets 
being  provided  as  specified  under  "Steel  and  Iron  Work." 

4.  The  front  steps  and  landings  are  to  be  made  of  concrete  with  a 
small  percentage  of  hydrated  lime,  as  specified  under  ''Waterproofing." 

5.  Treads  and  landings  are  to  be  rebated  for  the  safety  treads 
specified  under  "Steel  and  Iron  Work,"  and  holding  sockets  for  same 
are  to  be  built  in. 

Door  Tkreshdlda: 

1.  Are  to  be,  where  so  marked,  of  granolithic,  properly  reinforced. 

2.  Exterior  thresholds  or  sills  are  to  be  made  with  wash. 

3.  Elevator  door  openings  are  to  have  steel  thresholds  seciu'dy 
anchored  in  place.  (The  steel  is  specified  under  "Steel  and  Iron 
Work.") 

Parapet  Walls,  Cornices,  and  Other  Molded  Work: 

1.  Are  to  be  molded  in  place,  essentially  as  indicated  on  the  drawings, 
and  in  strict  accordance  with  detail  drawings. 
BuUdir^g  in  Flashing: 

1.  All  flashing  and  counterflashing  are  to  be  built  in  or  reglets  are 
to  be  cut  to  receive  same. 

2.  The  flashing  is  provided  for  imder  "Roofing  and  Sheet  Metal 
Work." 

Building  in  Elevator  Steel  and  Iron  Work: 

1.  All  elevator  sheave  beams,  guides,  guide  supports,  beams  for 
supporting  machines,  bolts,  anchors,  etc.,  are  specified  imder  "Ele- 
vator." 

2.  The  Ck>ntractor  is  to  do  all  cutting  and  patching  for  the  installation 
of  the  above  beams,  etc. 

Waterproofing: 

1.  All  curtain  walls  above  and  below  grade,  the  entire  parapet  wall, 
the  top  of  main  cornice,  and  the  front  steps  are  to  be  made  of  concrete 
to  which  has  been  added  "Hydrated  Lime"  in  the  proportions  of  ten 
parts  of  lime  by  weight  to  one  hundred  parts  of  cement  by  weight. 

2.  The  exterior  walls  are  to  be  thoroughly  mopped  with  hot  tar  from 
bottom  of  retaining  wall  to  finished  grade. 

Chimney: 

1.  Is  to  be  built  of  concrete  as  indicated  with  fine  clay  flue  lining  for 
its  entire  length. 

2.  (a)  Is  to  have  holes  for  cleanout  and  entrance  of  smoke  flue  where 
indicated. 
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(b)  Thimbles  and  cleanout  door  and  frame  specified  under  "Steel 
and  Iron  Work"  are  to  be  set  in  place. 
Interior  Finish  (Concrete): 

(For  other  interior  finish,  see  '* Lathing  and  Plastering"  and  "Car- 
pentry.")    (See  also  "Floors"  and  "Stairs  and  Landings"  above,) 

1.  Is  to  be  as  it  comes  from  the  molds  on  interior  walls,  columns, 
girders  and  ceilings,  all  inperfections  being  carefully  filled  with  cement 
mortar  and  all  "fins"  being  removed,  leaving  the  surfaces  perfectly 
flush  and  true. 

2.  All  surfaces  are  to  be  made  as  smooth  as  possible  without  plastering 
or  washing  by  prying  the  mixture  away  from  the  molds  before  tamping, 
bring  the  mortar  to  the  surface. 

Exterior  Finish: 

(See  also,  "Stairs  and  Landings"  above.) 

1.  All  imperfections  in  the  entire  exterior  of  the  building  are  to  be 
carefully  filled  with  cement  mortar  and  all  "fins"  removed. 

2.  The  entire  concrete  exterior  of  the  building  except  the  east 
elevation  and  except  the  front  entrance  porch  is  to  be  carefully  rubbed 
down  and  washed  with  cement  wash,  made  of  1  part  of  cement,  i  part 
of  hydrated  lime  and  2  parts  of  finely  screened  sand,  all  mixed  diy  and 
then  wetted  to  a  proper  consistency  for  application  with  a  white-wash 
brush. 

3.  (a)  The  front  entrance  porch  except  its  cornice  is  to  be  carefully 
and  uniformly  picked  and  then  thoroughly  washed  with  acid,  the 
acid  being  afterward  washed  off;  draft  lines,  in  accordance  with  di- 
rections at  the  building,  are  to  be  rubbed  down  and  washed  as  specified 
above. 

(b)  The  cornice  is  to  be  rubbed  down  and  washed  as  specified  above. 
Building  in  Sleeves: 

1.  Wrought  iron  sleeves  with  caps  screwed  on,  provided  as  specified 
under  "Steel  and  Iron  Work,"  are  to  be  built  into  the  basement  wall 
for  the  introduction  of  telephone  wires,  messenger  wires,  lighting  wires, 
etc.;  the  exact  locations  are  to  be  determined  at  the  building. 

2.  Wrought  iron  and  galvanized  iron  sleeves,  provided  as  specified 
under  "Plumbing,"  are  to  be  built  into  the  construction  work  for  all 
plumbing  pipes;  the  exact  locations  are  to  be  determined  at  the  building. 

3.  Wrought  iron  and  galvanized  iron  sleeves,  provided  under  another 
contract,  are  to  be  built  into  the  construction  work  for  all  steam,  return, 
sprinkler,  and  similar  pipes;  the  exact  locations  are  to  be  determined 
at  the  building. 

4.  The  Contractor  is  to  be  responsible  for  the  proper  building  in  of 
all  sleeves,  for  securing  them  firmly  in  place,  and  for  seeing  that  they 
are  not  disturbed. 

5.  The  Contractor  is  to  finish  around  all  sleeves  with  cement  mortar. 

6.  All  wall  sleeves  are  to  finish  flush  with  the  finished  wall  on  each 
side;  all  floor  sleeves  are  to  be  flush  with  the  ceiling  line  and  are  to 
extend  2  in.  above  the  floor  line. 

Building  in  Electric  Conduits: 

1.  The  electric  conduit,  outlet  boxes,  etc.  are  to  be  installed  under 
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another  contract,  before  the  concrete  is  placed;  the  boxes  are  to  be 
firmly  bolted  to  the  forms  and  the  conduit  secured  as  well  as  possible 
by  the  Electrician,  but  the  Contractor  is  to  take  care  to  ayoid  displacing 
or  injuring  them. 

2.  The  Contractor  is  not  to  place  any  concrete  until  the  electrical 
work  is  ready,  and  he  is  to  co-operate  with  the  Contractor  for  electric 
wiring  for  the  successful  completion  of  the  work,  is  to  notify  him  as 
far  ahead  as  possible  when  the  conduit  must  be  ready,  etc.,  etc. 
SockeU  for  Hangers: 

1.  Are  provided  for  under  "  Steel  and  Iron  Work." 

2.  Are  to  be  set  in  place  and  properly  secured  to  forms  so  as  to  be 
strongly  anchored  in  place  for  supporting  shafting,  etc.,  and  so  as  to 
be  flush  with  the  bottom  faces  of  the  members  in  which  they  are  in- 
stalled. 

3.  Are  to  be  installed  as  follows:  (a)  four  in  bottom  of  each  interior 
girder  spaced  as  directed,     (b)  In  basement  ceiling  as  indicated. 

Building  in  Miscdlaneous  Iron  and  Woodwork: 

1.  All  anchors,  bolts,  flag-pole  supports,  nailing  strips  for  furring, 
for  baseboards,  chair  rails,  pictiu'e  molding,  etc.,  etc.,  necessary  for 
the  proper  completion  of  the  work  are  to  be  built  in. 

2.  The  Contractor  is  to  be  responsible  for  the  furnishing  in  time  for 
building  in,  of  all  anchors,  bolts,  blocks,  etc.  for  all  parts  of  the  work 
included  in  this  contract,  making  whatever  arrangements  with  the 
various  sub-contractors  may  be  necessary. 

3.  Anchors,  bolts,  blocks,  etc.  will  be  provided  under  other  contracts 
for  supporting  steam  and  other  piping  and  apparatus,  but  are  to  be 
built  in  by  the  Contractor.  ^ 

Load  Test : 

1.  Is  to  be  applied  to  two  bays  on  the  second  floor,  selected  by  the 
Engineers. 

2.  The  test  load  is  ta  be  uniform  over  the  area  tested,  at  300  lb.  per 
square  foot. 

3.  The  load  is  to  be  obtained  by  uniform  imits  which  are  to  be  care- 
fully weighed. 

4.  The  Contractor,  in  the  presence  of  the  Engineers,  is  to  measure 
the  deflections  of  slabs  and  girders,  using  suitable  instruments,  at  the 
following  periods: 

(a)  Just  before  applying  the  load; 

(b)  Twice  during  the  application  of  the  load; 

(c)  Immediately  after  applying  load; 

(d)  Twenty-foiu*  hours  after  applying  load; 

(e)  Seven  days  after  applying  load. 

5.  No  loads  are  to  be  applied  until  sixty  (60)  days  after  concrete  is 
placed. 

LATmNG  AND  PLASTERING 
Partitions: 

In  General: 

1.  The  interior  partitions  are  to  be  built  of  channel  irons  with  ex- 
panded metal  lathing  and  plaster,  being  2  in.  or  4  in.  thick  as  marked. 
34 
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Studding: 

1.  (a)  The  2-in.  partitions  are  to  have  1-in.  channel  studding  run 
vertically,  12  in.  on  centers;  (b)  the  4-in.  partitions  are  to  be  made 
with  two  rows  of  }-in.  channeb  12  in.  on  centers;  (c)  all  of  the  studding 
is  to  be  strongly  secured  and  braced  as  necessary  for  properly  sup- 
porting the  partitions,  door  frames,  window  frames,  etc. 

Framing: 

1.  The  iron  frames  for  tinned  doors  and  rolling  steel  doors  are 
specified  to  be  provided  under  "Steel  and  Iron  Work,"  but  the  Con- 
tractor is  to  set  them  in  place  and  secure  them. 

2.  Wooden  frames  are  specified  to  be  provided  and  erected  by  the 
Carpenter,  but  the  Contractor  is  to  provide  and  erect  all  angle  irons 
and  channel  irons  necessary  for  supporting  the  stud  frames. 

3.  AU  doors,  windows,  finish,  etc.,  are  specified  under  "Carpentry," 
"Sheet  Metal  Work,"  but  the  Contractor  is  to  provide  and  erect  all 
necessary  angles,  braces,  etc.,  for  the  support  and  attachment  of  the 
window  frames,  etc. 

4.  AU  grounds  for  baseboards,  chair  rails,  picture  moldings,  hook 
strips,  and  other  attachments,  are  to  be  securely  attached,  the  wood- 
work being  specified  under  "Carpentry." 

5.  Metal  comer  beads  are  to  be  used  at  all  external  comers. 
Wire  Lathing  of  Partitums: 

1.  Is  to  be  applied  to  one  side  of  2-in.  partitions  and  to  both  sides  of 
all  wider  partitions,  and  is  to  be  firmly  secured. 

2.  Is  to  be  carried  around  columns  in  plaster  partitions,  as  indicated, 
with  all  necessary  metal  furring,  and  similarly  around  columns  in 
cleaning  room  for  furring  in  of  soil  pipe. 

3.  Is  to  be  Eastern  Expanded  Metal  Co.'s  B  No.  27  gage,  wire  lath, 
or  equivalent. 

Plastering  Partitions: 

1.  All  surfaces  covered  with  wire  lathing  and  each  side  of  each 
partition  are  to  be  given  two  coats  of  plaster  as  follows: 

(a)  The  scratch  coat  is  to  be  made  of  1  part  of  Portland  cement 
to  4  parts  of  lime  putty,  the  lime  putty  being  made  of  1  part  of  best 
lump  lime  thoroughly  mixed  with  about  3  parts  of  sand  and  best 
long  cattle  hair,  in  as  large  a  quantity  as  is  practicable. 

(b)  The  finish  coat  is  to  be  made  of  1  part  of  Portland  cement  to 
3  parts  of  sand  with  only  enough  best  lump  lime  to  make  it  work 
properly  under  the  trowel. 

(c)  The  scratch  coat  is  to  be  thoroughly  dry  before  the  finish  coat  is 
applied. 

(d)  The  cement  for  the  finish  coat  is  to  be  mixed  in  immediately 
before  the  mortar  is  to  be  used,  and  no  mortar  which  has  set  or  which  is 
left  from  the  previous  day's  work  is  to  be  used. 

(e)  The  finish  coat  is  to  be  "floated." 

2.  The  thickness  of  partitions  on  all  floors,  as  marked  on  the  drawings, 
indicates  the  over-all  thickness  plaster  to  plaster;  2-in.  partitions  are  to 
have  no  air  spaces.  Wider  partitions  are  to  have  at  least  J  in.  of 
plaster  on  each  side,  the  remainder  being  air  space. 
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3.  The  necessary  openings  for  pipes,  conduits,  wires,  sleeves,  carriers, 
etc.,  are  to  be  made,  and  all  cutting,  patching,  and  repairing  of  plaster 
work  are  to  be  included. 

Plastering  of  First  Floor  Ceilings : 

1.  The  entire  ceilings  of  the  hall,  including  the  entrance  vestibule, 
the  reception  room,  entry,  toilet  room,  and  the  private  office  are  to 
be  plastered  as  follows:  A  brown  coat  of  Windsor  cement  with  a 
finish  coat  composed  of  1  part  of  plaster  of  Paris  and  2  parts  of 
lime  putty,  trowelled  to  a  smooth  finish. 

Lathing  and  Plastering  of  Exterior  Walls  and  Piers : 

1.  All  of  the  exterior  piers  and  girders  in  the  rooms  whose  ceilings 
are  to  be  plastered  as  specified  above,  are  to  be  similarly  plastered, 
where  exposed. 

2.  All  curtain  walls  in  the  rooms  whose  ceilings  are  to  be  plaatered 
are  to  be  metal  furred,  wire  lathed  and  plastered  like  the  interior  lath 
and  plaster  partitions. 

Cornice  Work: 

1.  (a)  Is  to  be  made  to  detail  of  equal  parts  of  lime,  putty,  and  plaster 
of  Paris.     All  furring  required  is  to  be  done  in  metal. 

(b)  Is  to  occur  in  those  places  for  which  plastered  ceilings  are  speci- 
fied, except  in  toilet  rooms  and  entry  out  of  private  office,  and  as 
indicated  on  drawings. 
Exterior  Plastered  Walls : 

1.  The  curtain  walls  on  the  east  side  above  the  level  of  the  first  floor 
and  the  walls  of  the  elevator  shaft  above  the  roof  are  to  be  built  up  of 
metal  studs  with  metal  lath.  The  material  for  these  walls  is  to  be  of 
size  and  arrangement,  as  for  4-in.  partitions  before  specified. 

2.  These  walls  are  to  be  plastered  inside  and  outside  with  cement 
plaster  as  before  specified,  two  coat  work,  the  outside  being  left  with 
a  little  rougher  finish  than  the  inside,  which  will  be  like  inside  partitions. 

CARPENTRY 
Fomxs  and  Molds : 

1.  Are  specified  for  the  concrete  construction  under  the  heading 
"Concrete  Work."     The  specifications  under  "Carpentry"  do  not 
refer  to  forms  and  molds. 
Lumber: 

1.  All  wood  is  to  be  free  from  large  or  loose  knots,  and  commercially 
free  from  sap  and  other  defects. 

2.  All  wood,  dimensions,  quality,  etc.,  are  specified  under  the  various 
headings  below. 

Windows : 

1.  Are  to  be  provided  and  set  where  indicated,  in  all  walls  and  parti- 
tions, being  double  hung,  swing,  or  fixed  sash,  as  marked. 

2.  Are  to  be  of  the  dimensions  and  designs  indicated,  and  in  accord- 
ance with  detail  drawings. 

3.  Are  to  be  built  of  thoroughly  seasoned,  kiln  dried,  white  pine, 
including  frames  and  sash,  where  exterior,  but  of  cypress  in  interior 
partitions. 
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4.  Fixed  and  swing  windows  are  to  have  rebated  plank  frames  of 
dimensions  indicated. 

5.  Double  hung  windows  are  to  have  (a)  full  box  frames,  (b)  hard- 
pine  pulley  stiles  with  removable  sections,  (c)  cast  iron  weights,  bal- 
ancing the  sash  so  that  they  will  run  easily,  (d)  No.  8  Samson  Spot 
Cord  hanging  cords,  (e)  bronze  weight  pulleys,  2i  in.  in  diameter,  with 
bronze  finished  face  plates,  (f)  molded  mimtins  and  lipped  and  coped 
meeting  rails. 

6.  All  windows  are  to  be  as  tight-fitting  as  is  consistent  with  easy 
operation. 

7.  All  window  frames  are  to  be  thoroughly  primed  before  leaving 
shop.     (See '^  Painting  and  Glazing. '0 

8.  (a)  The  staff  beads  are  to  be  removed  for  and  replaced  after 
pointing;  (b)  the  pointing  is  specified  under  '^ Cleaning  and  Pointing'' 
above. 

9.  All  windows  are  to  be  equipped  with  the  hardware  specified  and 
included  in  the  "Hardware  Allowance." 

10.  All  double  hung  windows  are  to  have  stop  blocks  to  prevent 
lower  sash  from  being  raised  too  far. 

11.  Metal  sash  and  frames  are  specified  under  "Roofing  and  Sheet 
Metal  Work." 

Transoms : 

1.  Are  to  be  located  over  doors  where  so  indicated  on  the  drawings. 

2.  Are  to  be  hinged  at  the  bottom  and  made  like  swinging  windows. 
Doors: 

In  General: 

1.  Are  to  be  provided  and  hung  where  indicated,  being  swing, 
sliding,  glazed,  etc.,  as  marked. 

2.  Are  to  be  of  the  dimensions  and  designs  indicated  and  in  accordance 
with  detail  drawings. 

3.  Doors  which  are  not  to  be  finished  natural  are  to  be  thoroughly 
primed  before  leaving  the  shop.     (See  "Painting  and  Glazing.") 

4.  (a)  Are  to  be  equipped  with  the  hardware  included  under  "Hard- 
ware Allowance";  (b)  tinned  doors  are  to  be  equipped  with  hardware, 
exclusive  of  the  "Hardware  Allowance." 

Tinned  Doors: 

1.  Are  to  be  installed  where  so  indicated. 

2.  Are  to  be  of  Victor  Mfg.  Co.  make,  Newburyport,  Mass.,  or  Co- 
burn  Mfg.  Co.,  Holyoke,  Mass.,  in  accordance  with  the  latest  rules  of 
the  National  Board  of  Fire  Underwriters,  and  bearing  the  "Under- 
writer's Label." 

3.  Are  to  be  not  less  than  2^  in.  thick  before  tin  is  applied. 

4.  (a)  Sliding  tinned  doors  are  to  be  hung  on  steel  tracks,  with 
brackets,  roller  hangers,  binders,  rope  pulleys,  bumpers,  stay  rolls, 
chafe  clips,  fusible  links,  weights,  pulls,  etc.,  complete. 

(b)  Attachment  to  doors  and  walls  is  to  be  made  by  through 
bolts. 

5.  (a)  Swinging  tinned  doors  are  to  be  similarly  equipped  complete, 
except  those  at  basement  and  first  floor  levels  leading  to  stairs,  which 
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will  have  fusible  links  and  weights,  only  the  hardware  being  in  the 
"Hardware  Allowance/'  including  strap  hinges  three-quarters  across 
the  doors,  eye-bolts,  latches  operated  from  sides,  etc. 

(b)  Are  to  be  glazed  where  indicated  with  wired  glass  i  in.  thick. 

6.  Frames  for  swinging  tinned  doors  are  specified  under  "Steel  and 
Iron  Work." 

7.  All  of  the  above  hardware,  except  for  doors  to  stairs  at  basement 
and  first  floor  levels  is  exclusive  of  that  included  in  the  ''Hardware 
Allowance." 

Exterior  Doors: 

1.  Where  not  tinned  are  to  be  made  of  thoroughly  kiln  dried  white 
pine,  panelled  and  glazed,  as  indicated. 

2.  Are  to  have  rebated  plank  frames  of  kiln  dried  white  pine. 
Interior  Doors: 

1.  Where  not  tinned,  are  to  be  of  cypress,  except  that  doors  opening 
into  reception  room,  entry  between  reception  room  and  private 
office,  toilet  room  adjacent,  and  private  office  are  to  be  quartered 
oak  on  sides  opening  into  these  rooms. 

2.  Are  to  have  strong  rough  stud  frames  securely  fastened  in  place. 

3.  Are  to  have  double  rebated,  finished  frames,  covering  the  rough 
frames  completely.     (See  also  "Standing  Finish.") 

4.  Are  to  be  of  dimensions  indicated,  with  cross  panels,  as  shown. 
Water  Closet  Doors: 

1.  Doors  between  toilet  rooms  and  water  closets  and  between  coat 
room  on  first  floor  and  the  adjacent  water  closet,  are  to  be  made  of 
}-in.  cypress,  with  stiles  and  rails,  with  simple  panels. 

2.  Are  to  be  hung  about  1  ft.  above  the  floor. 
Rolling  Steel  Doors: 

1.  Are  specified  under  "Steel  and  Iron  Work." 

Builders*  Hardware; 
In  General: 

1.  Is  to  be  provided  and  installed  complete,  as  may  be  necessary  for 
the  proper  finishing  of  the  work,  including  all  nails,  screws,  weights, 
chains,  cords,  pulleys,  etc.,  and  all  the  hardware  covered  by  the  hard- 
ware allowance  specified  below. 

2.  Is  to  be  of  the  best  quality  and  of  proper  size,  weight,  and  design, 
for  the  work,  in  accordance  with  the  best  factory  practice. 

Hardware  Allowance: 

1.  The  contractor  is  to  make  an  allowance  of  four  himdred  and 
fifty  dollars  ($450.00)  for  locks,  butts,  hinges,  kick  and  push  plates, 
base  knobs,  catches,  checks,  springs,  lifts,  sockets,  hooks,  stop  bead 
screws,  etc.,  for  windows  and  doors,  in  addition  to  such  of  these 
articles  as  are  specified  above  for  tinned  doors. 

2.  This  allowance  is  to  include  the  delivery  of  the  articles  at  the 
building,  but  is  not  to  include  care  of  them  after  delivery  or  installation. 

3.  The  contractor  is  to  receive  the  articles  covered  by  the  allowance 
and  is  to  install  them  complete. 
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Standing  Finish: 

1.  Except  otherwise  Bpecified,  windows  in  interior  walls  or  partitions 
are  to  have  plain  trim,  }  in.  thick  and  5  in.  wide,  with  plain  coma* 
blocks,  1  in.  thick,  and  simple  molded  stools  and  rebated  aprons,  with 
rounded  edges,  nosings  and  simple  undermoldings,  essentially  as 
indicated,  the  finish  being  installed  on  both  sides. 

2.  (a)  Window  and  door  finish  on  exterior  is  to  be  as  indicated  on 
the  drawings  and  as  detailed. 

(b)  The  windows  and  doors  in  private  office,  toilet  room,  entry, 
reception  room,  vestibule  and  hall  are  to  have  f-in.  molded  and  mitred 
architraves,  with  f-in.  finish  pieces  on  the  muUions  and  at  the  jambs; 
the  above  finish  together  with  the  stools  and  aprons  being  molded 
to  detail  essentially  as  indicated. 

(c)  Trim  for  windows  and  door  to  stairs,  first  floor,  is  to  be  as  spec'  • 
fied  under  "Roofing  and  Sheet  Metal  Work." 

3.  Except  as  otherwise  specified,  frames  for  interior  swing,  untinned 
doors  are  to  have  plain  trim,  }-in.  thick  and  5  in.  wide,  with  plain  comer 
blocks  1  in.  thick,  and  plinth  blocks. 

4.  Water  closet  door  frames  are  to  have  simple  moldings  to  match 
the  moldings  on  the  water  closet  partitions. 

5.  Rail  and  double  swing  gate  of  cypress  is  to  be  built  to  detail  for 
opening  between  hall  and  general  office.  Rail  is  to  have  li-in.  molded 
quartered  oak  shelf,  on  top  as  shown. 

6.  Molded  base-boards,  with  removable  grooved  piece  for  tele- 
phone wires,  chair  rails,  and  picture  moldings  are  to  be  installed  in 
reception  room,  private  office,  entry,  and  toilet  on  the  first  floor. 

7.  The  molded  base-board  with  dado  of  matched  and  grooved 
j-in.  cypress  sheathing  3  in.  wide  and  dado  cap,  all  as  detailed,  is  to  be 
installed  in  vestibule  and  hall. 

8.  Wood  panelled  screen  wit}i  doors  and  side  lights  and  simple 
molded  cornice,  all  of  cypress,  to  detail,  is  to  be  built  in  hall  as 
indicated. 

9.  AU  necessary  nailing  strips,  blocks,  etc.,  are  to  be  provided  in  time 
for  building  into  the  concrete  and  plaster  partitions. 

10.  All  interior  finish  except  as  otherwise  specified  is  to  be  cypress, 
dressed  ready  for  painter's  finish. 

11.  Finish  in  reception  room,  entry  between  reception  room  and 
Private  office,  in  private  office,  in  toilet  room  adjacent,  is  to  be 
quartered  oak. 

Shelves  and  Hook  Strips : 

1.  (a)  Are  to  be  installed  as  indicated. 

(b)  Hook  strips  are  to  be  }-in.  cypress. 

(c)  Shelves  are  to  be  installed  with  cleats,  etc.,  of  }-in.  cypress 
of  width  and  length  indicated. 

Water  Closet  Partitions: 

1.  Are  to  be  of  cypress,  matched  sheathing,  planed  on  both  sides, 
with  door  frames,  top  and  bottom  rails,  beading,  etc.,  as  indicated  on 
the  drawings. 

2.  Are  to  be  supported  on  iron  legs  provided  as  specified  imder 
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'' Plumbing '^  below;  all  necessary  braces  for  making  the  partitions 
rigid  are  to  be  installed. 
Flag  Pole : 

1.  There  is  to  be  a  flag  pole  made  of  Nova  Scotia  spruce,  with  6-in. 
gilded  ball  on  top  and  of  height  and  dimensions  indicated  on  drawings. 

2.  It  is  to  be  equipped  with  halyards. 
Backboard : 

1.  Are  to  be  provided  as  may  be  necessary  for  plumbing  e<iuipment. 
Shelves  for  Gas  and  Water  Meters : 

1.  Are  to  be  provided  and  erected  with  brackets  as  directed  at  the 
building. 
Trench  Cover: 

1.  The  trench  cover  in  basement  floor  is  to  be  of  hard  pine  plank, 
2  in.  thick,  planed  on  top  and  edges  and  nicely  fitted. 
Wooden  Grating : 

1.  There  is  to  be  a  wooden  grating  over  scupper  in  basement  near 
cleaning  room,  as  indicated. 

2.  The  grating  is  to  be  made  of  pine  and  is  to  be  strong  and  rigid 
and  so  set  as  to  be  flush  with  the  floor. 

3.  The  grating  is  to  be  removable  and  is  to  be  made  with  1-in.  by  2-in. 
stock  set  on  edge,  3  in.  on  centers,  running  both  ways  aross  the  grating. 

Stahr  Rails: 

1.  Oak  hand  rails,  of  design  approved  by  the  Engineers,  are  to  be 
provided  and  attached  to  stair  rails  from  first  floor  to  third  floor. 

STEEL  AND  IRON  WORK 

In  General : 

1.  The  steel  for  reinforced  concrete  is  specified  under  the  heading 
*' Reinforced  Concrete.''  The  specifications  under  the  heading  "Steel 
and  Iron  Work"  do  not  refer  to  reinforced  steel  for  the  concrete. 

Materials : 

1.  Cast  iron  is  to  be  free  from  blow  holes,  flaws,  or  other  imper- 
fections, and  is  to  be  cast  smooth  and  true. 

2.  Steel  shapes  are  to  be  in  accordance  with  the  standard  of  the 
Association  of  American  Steel  Manufacturers. 

3.  All  connections  are  to  be  made  so  as  to  develop  the  full  strength 
of  the  pieces  connected. 

4.  Shop  drawings  are  to  be  submitted  to  the  Engineers  for  approval 
before  construction  is  begun. 

Painting: 

1.  AU  steel  and  iron  work  is  to  be  thoroughly  cleaned  and  given  one 
coat  of  Dixon's  or  Superior  graphite  paint  before  leaving  the  shop. 

2.  AU  parts  which  are  inaccessible  after  erection  are  to  be  given  a 
second  coat  immediately  before  erection;  all  parts  accessible  after 
erection  are  to  be  given  a  second  coat  after  being  put  in  place. 

3.  This  painting  is  in  addition  to  any  painting  specified  under  the 
heading  "Painting  and  Glazing." 
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Anchors,  Bolts,  Plates,  Btc. : 

1.  Are  to  be  provided  as  required  for  all  parts  of  the  work. 

2.  4^  plates,  knees,  etc.,  are  to  be  drilled  and  countersunk  for  screws 
as  may  be  necessary. 

Steel  and  Iron  Work  in  Lath  and  Plaster  Partitions : 

1.  All  metal  studding,  etc.,  is  specified  under  ''Lathing  and  Plaster- 
ing." 

2.  The  iron  door  frames  are  specified  below. 
Door  Frames  for  Tinned  Doors : 

1.  The  door  frames  for  tinned  doors,  except  in  plaster  partitions, 
are  to  be  made  of  heavy  angle  irons,  carried  over  tops  as  well  as  up  the 
sides  and,  for  swing  doors,  provided  with  suitable  rebate  angles  attached 
to  top  and  sides,  and  all  securely  fastened  in  place. 

2.  The  door  frames  for  tinned  doors  in  plaster  partitions  are  to  be 
made  of  heavy  channel  irons,  the  full  width  of  partitions,  top  and  sides, 
and,  for  swing  doors,  provided  with  rebate  bars. 

3.  The  erection  of  these  frames  is  specified  under  ''Lathing  and 
Plastering." 

4.  All  frames  are  to  be  drilled  and  tapped  for  all  hardware  for  the 
doors,  including  (a)  heavy  angle  iron  supports  on  each  side  of  partition, 
drilled  and  made  ready  for  sliding  door  hangers;  (b)  provision  for 
attachment  of  chafe  clips,  stops,  etc.,  etc.  (For  specifications  for  the 
doors  and  their  hardware,  see  "  Carpentry.") 

Frames  for  Metal  Sash : 

1.  Frames  of  windows  in  stair-well  walls  above  first  floor  are  to  be 

of  channel  irons,  top,  bottom,  and  sides,  with  rebate  strips  all  around 

on  each  side  of  sash,  all  essentially  as  detailed. 
Rolling  Doors : 

1.  ''Kinnear"  rolling  steel  doors  are  to  be  installed  where  so  indi- 
cated, with  all  supports,  guides,  raising  and  lowering  devices,  locking 
devices,  etc.,  complete. 

2.  Are  to  have  fuse  links  and  are  to  be  made  to  close  automatically 
in  case  of  fire. 

3.  Door  frames  with  all  supports  and  attachments  are  to  be  included. 
Iron  Stairs: 

1.  Are  to  be  installed  from  first-floor  level  to  roof  level  as  indicated. 

2.  Are  to  be  strongly  supported  from  basement  floor  by  steel  struts 
in  rear  corners  as  necessary  and  on  concrete  landings  at  floor  levels. 

3.  Stairs  from  first-floor  level  to  third-floor  level  are  to  be  made  with 

(a)  Heavy  channel-iron  panelled  stringers,  closed  string,  checkered 
cast-iron  treads  and  landings  and  plain  risers,  making  a  closed  stair. 

(b)  Treads,  landings,  and  risers  strongly  supported  between 
stringers,  with  reinforcement  of  approved  shape  secured  to  same. 

(c)  Treads  and  landings  to  have  nosing  and  under  molding. 

(d)  Are  to  have  simple  moulded  piece  covering  joints  where  plaster 
walls  meet  inside  stringer. 

(e)  Are  to  be  built  to  carry  a  live  load  of  100  lb.  per  square  foot 
in  accordance  with  detail  drawings  submitted  by  the  Contractor  for 
approval  by  the  Engineers. 
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4.  Stairs  from  third  floor  to  roof  are  to  have: 

(a)  heavy  channel-iron  stringers,  checkered  cast-iron  treads; 

(b)  Checkered  cast-iron  landing;  all  strongly  supported  and  framed 
together. 

Railings: 

1.  Are  to  be  installed  complete  for  stairs  and  landings  from  basement 
to  roof  level  and  for  landing  in  roof  house  at  roof  level. 

2.  The  rail  for  basement  stairs  is  to  be  on  one  side  only  and  b  to  be 
a  single  l)-in.  pipe,  securely  fastened  by  supports  bolted  through  parti- 
tion with  flange  on  back. 

3.  The  hand  rails  on  the  stairs  from  first  floor  to  third  floor  are  to  be 
ornamental  wrought  iron  and  cast  iron,  with  posts,  balustrades,  etc. 

4.  All  other  rails  are  to  be  "double  rail"  of  IJ-in.  pipe,  with  l}-in. 
pipe  stanchions,  about  6  ft.  on  centers. 

5.  All  railings  are  to  be  strongly  and  rigidly  supported,  with  flanges 
at  all  wall  and  floor  contacts,  sockets  being  built  in  where  necessary. 

6.  All  pipe  and  fittings  are  to  be  standard  rail  pipe  and  fittings. 
Safety  Treads: 

1.  Mason  safety  treads  are  to  be  installed  on  all  treads,  including 
edges  of  landings,  of  all  stairwa3r8  and  the  front  entrance  steps,  except- 
ing stairs  from  third  floor  to  roof. 

2.  (a)  Those  on  concrete  steps  and  landings  are  to  be  set  flush  and 
securely  attached  to  anchors  embedded  in  the  concrete  and  are  to  be 
3i  in.  wide  with  nosing. 

(b)  Those  on  iron  stairs  are  to  be  4  in.  wide  without  nosing. 

(c)  All  are  to  come,  within  4  in.  of  each  end  of  tread. 
Pressed  Steel  Thresholds: 

1.  Are  to  be  provided  and  seciu'ely  anchored  in  place  where  so  indi- 
cated on  the  drawings. 

2.  Those  at  elevator  doors  are  to  overhang  the  well  as  shown  and 
are  to  be  provided  with  faces  slanting  back  to  edge  of  slab  or  girder, 
these  faces  to  be  not  less  than  8  in.  deep,  all  essentially  as  indicated. 

Steel  Framing: 

1.  Is  to  be  provided  as  indicated  for  the  heavy  framing  of  roof  house, 
in  addition  to  the  steel  in  plaster  wall  previously  specified. 

2.  Is  to  be  provided  and  securely  erected  outside  of  elevator  well 
for  attaching  elevator  guides. 

Hanger  Sockets : 

1.  Are  to  be  provided  for  building  into  concrete. 
2.  Are  to  be  of  socket  type,  drilled  had  tapped  for  f-in.  bolts,  and  of 
such  design  as  to  insure  proper  support  for  hanging  shafting,  over- 
head tracks,  etc. 

3.  Are  to  be  made  so  that  they  will  finish  flush  with  the  beams, 
girders  or  slabs  in  which  they  are  installed. 

4.  Samples  are  to  be  submitted  to  the  Engineers  for  approval  before 
selection. 

Flag-pole  Supports: 

1.  Heavy  galvanized  iron  flag-pole  supports  and  galvanized  iron 
halyard  belaying  pin  are  to  be  provided  and  installed  complete. 
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Protection  Strips: 

1.  Angle  iron  protection  strips  are  to  be  provided  and  installed  com- 
plete at  rear  basement  doorways  as  indicated. 
Thimble  and  Cleanout  Door : 

1.  Are  to  be  provided  for  installation  in  chimney,  the  thimble  bein^ 
for  14-in.  smoke  pipe,  the  cleanout  door,  which  is  to  be  provided  with 
heavy  iron  frame,  being  12  in.  by  14  in. 

ROOFING  AND  SHEET-METAL  WORK 

Materials : 
Tarred  Fell: 

1.  Is  to  be  "Barrett  Specification  Felt." 

2.  Is  to  weigh  not  less  than  14  lb.  per  100  sq.  ft.  of  single  thickness. 
Pitch: 

1.  Is  to  be  "Barrett  Specification  Coal-tar  Pitch." 
Gravel: 

1.  Is  to  be  of  such  size  as  to  be  rejected  by  a  i-in.  mesh  screen  and  to 
pass  through  a  |-in.  mesh  screen. 

2.  Is  to  be  clean  and  dry,  being  heated  immediately  before  use  if 
the  weather  is  cold. 

Roofing : 

1.  The  entire  roof  of  the  building  is  to  be  5-ply,  tar  and  gravel, 
applied  in  accordance  with  the  best  practice,  essentially  as  follows: 

(a)  The  concrete  is  to  be  covered  with  pitch  mopped  on  uni- 
formly, special  care  being  taken  that  the  pitch  is  very  hot  and  very 
thoroughly  mopped  on. 

(b)  Two  layers  of  tarred  felt  are  to  be  laid,  each  sheet  lapping 
the  preceding  17  in.  and  being  mopped  back  with  pitch  the  full  width 
of  each  lap. 

(c)  Pitch  is  to  be  uniformly  mopped  on,  covering  the  whole  surface. 

(d)  Three  layers  of  tarred  felt  are  to  be  laid,  each  sheet  lapping  the 
preceding  22  in.;  each  layer  is  to  be  mopped  back  with  pitch  the  full 
width  of  the  22  in.  under  each  lap. 

(d)  The  entire  surface  is  to  be  uniformly  spread  with  pitch  not 
less  than  ^\  in.  thick,  with  gravel  spread  into  it,  while  the  pitch  is  still 
hot. 

(f)  Special  care  is  to  be  taken  to  cover  and  make  tight  around 
all  supports  on  the  roof  and  to  finish  properly  around'  all  plumbing 
pipes,  vapor  pipes,  and  similar  apparatus  extending  through  the  roof. 
Flashing  and  Counter-flashing : 

1.  Is  to  be  done  with  16-oz.  copper,  where  indicated  on  the  drawings 
and  where  necessary  for  the  proper  completion  of  the  work,  including 
(a)  on  parapet  walls  on  north  and  west  elevations,  where  the  counter- 
fiashing  is  to  be  carefully  cemented  into  reglets;  (b)  on  other  parapet 
walls  where  the  fiashing  is  to  be  carried  up  and  over  and  nicely  dressed 
down,  as  indicated;  (c)  around  all  vapor  and  soil  pipes  extending  through 
the  roof,  in  which  cases  each  pipe  is  to  have  expansion  sleeve  soldered 
on  and  is  to  be  counter-flashed  with  inverted  copper  cone  attached  to 


EXAMPLE  OF  A  BUILDING  DESIGN  461 

pipe;  (d)  around  the  roof  house  the  flashing  or  counter-flashing  is  to 
be  carried  well  up  under  the  plaster  of  the  walls. 

2.  AU  flashing  is  to  be  carried  under  the  rooflng  at  least  3i  in.  and 
up  high  enough  on  walls,  skylights,  etc.,  to  give  lap  between  flashing  and 
counter-flashing  of  at  least  4  in.  and  more  where  so  indicated  on  the 
drawings. 
Leaders : 

1.  Roof  drains,  with  18-oz.  copper  boxes  and  copper- wire  screens 
are  to  be  installed,  where  indicated. 

2.  Four-inch  copper  leads  are  to  be  run  from  the  roof  boxes  to  the 
conductors  with  brass  sleeves  soldered  on,  ready  for  calking  into  the 
conductors,  the  calking  being  done  as  specified  under  "Plumbing." 

Guarantee : 

1.  The  Ck>ntractor  is  to  guarantee  all  parts  of  the  roofs,  skylights, 
flashing,  roof  drains,  etc.,  to  be  tight  for  a  period  of  five  years  from  the 
date  of  completion  of  this  contract. 

2.  Any  leaks  or  other  defects  due  to  improper  workmanship  or 
materials  discovered  within  five  years  are  to  be  made  good  by  the  con- 
tractor free  of  charge. 

Door  and  Sidelights  in  First  Story  Leading  to  Stairway : 

1.  Are  to  be  of  metal  together  with  the  trim  on  both  sides  of  the 
partition. 

2.  The  stiles  and  rails  of  doors  are  to  be  tinned  as  specified  under 
"  Carpentry."  The  glazed  portion  is  to  be  fitted  with  hollow  galvan- 
ized-iron  sash  divided  into  lights  as  shown. 

3.  The  sidelights  are  to  be  hoUow  galvanized-iron  sash  divided 
into  lights  as  shown. 

4.  The  trim  is  to  be  of  galvanized  iron  molded  to  detail. 
Interior  Metal  Sash: 

1.  In  addition  to  that  above  specified  is  to  be  installed  where  indicated 
of  hoUow  galvanized  iron  divided  into  lights  as  shown;  the  frames  for 
these  windows  are  specified  under  "Steel  and  Iron  Work." 
Exterior  Metal  Sash: 

1.  Is  to  be  installed  where  indicated  of  hollow  galvanized  iron 
divided  into  lights  as  shown. 
Glazing  of  Metal  Sash: 

1.  Is  to  be  done  with  wired  glass  J  in.  thick. 
Copper  Ventilators : 

1.  Are  to  be  installed  where  indicated  of  the  sizes  shown. 

2.  Are  to  be  equipped  with  dampa*,  controlling  chains,  etc.,  etc. 

ELEVATOR 
Drawings : 

1.  The  drawings  indicate  general  dimensions  only,  and  all  dimensions 
are  to  be  verified  at  the  building. 

2.  The  CJontr actor  is  to  furnish  all  detail  drawings  required. 
Number,  Type  and  Make: 

1.  There  is  to  be  one,  direct-connected,  alternating  current,  electric 
freight  elevator. 
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2.  It   is   to   be   of ^ make. 

Travel,  Speed  and  Load: 

1.  The  travel  is  to  be  from  the  basement  floor  level  to  the  third- 
floor  level,  about  32  ft.,  6  in.,  the  exact  travel  being  determined  at  the 
building. 

2.  The  speed  is  to  be  55  ft.  per  minute. 

3.  The  capacity  at  the  above  speed  is  to  be  about  3000  lb.  exclusive 
of  the  car,  but  slight  variations  will  be  allowed  to  fit  stock  sizes,  provided 
that  said  variations  are  approved  by  the  Engineers  before  contract  is 
signed. 

Car: 

1.  The  car  is  to  be  a  standard  freight  platform,  with  heavy  angle- 
iron  frame  and  hardwood   floor,   thoroughly  braced. 

2.  The  car  is  to  be  as  large  as  the  well  size  will  permit,  approximately 
5  ft.  by  6  ft. 

3.  The  side  of  the  car  adjacent  to  the  weight  guides  is  to  be  sheathed 
5  ft.  high  and  strongly  braced. 

Machine  and  Motor : 

1.  Are  to  be  installed  at  top  of  elevator  well. 

2.  Are  to  be  supported  on  and  bolted  to  I-beams  provided  and  in- 
stalled by  the  Contractor,  complete,  with  all  bearing  plates,  holding 
down  bolts,  anchors,  etc.,  required. 

3.  Are  to  be  of  the  latest  and  best  pattern  of  the  make  selected. 

4.  The  motor  is  to  be  of  alternating-current  type,  arranged  for  550 
volts,  three-phase,  60-cycle.  - 

5.  The  bearings  are  to  be  self-oiling. 
Sheaves  and  Sheave  Beams : 

1.  The  sheaves  are  to  be  of  cast  iron,  accurately  turned  and  grooved, 
mounted  on  steel  sh£kfting  turning  in  Babbitt  boxes. 

2.  The  sheaves  are  to  be  supported  on  steel  beams  provided  and  put 
in  place  by  the  Contractor  complete,  with  all  bearing  plates,  holding 
down  bolts,  anchors,  etc.,  required. 

3.  All  drilling,  cutting,  and  patching  in  connection  with  setting  of 
beams  will  be  done  as  specified  under  "Concrete  Work"  upon  demand 
of  the  sub-contractor  for  the  elevator,  but  any  cutting  done  by  the  sub- 
contractor for  the  elevator  must  be  patched  by  him  also. 

Counterweights : 

1.  There  are  to  be  two  counterweights,  one  for  counterbalancing 
from  the  car  itself,  and  one  for  counterbalancing  from  the  drum. 

2.  Both  counterweights  are  to  be  of  cast  iron. 
Guides : 

1.  Are  to  be  of  maple  on  hard  pine  posts,  for  both  the  car  and  the 
counterweights. 

2.  Are  to  be  strongly  supported,  all  steel  and  iron  work  other  than 
that  specified  above,  under  "Steel  and  Iron  Work,"  and  all  drilling  and 
patching  being  included. 

Cables: 

1.  Are  to  be  best  wire-hoisting  cables  of  proper  sizes. 

*  Not  to  be  filled  in  until  the  contract  is  awarded. 
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Method  of  Control : 

1.  The  car  is  to  be  controlled  by  a  steel  wire  shipping  rope  with  ball 
stop  at  top  and  bottom  of  run,  and  with  suitable  lock. 
Safety  Devices: 

1.  The  elevator  is  to  be  provided  with  (a)  safety  device  for  locking 
the  car  if  it  descends  too  fast;  (b)  slack  safety  device;  (c)  automatic 
stopping  device  for  stopping  the  car  at  top  and  bottom  of  its  travel. 

2.  The  elevator  is  to  be  equipped  with  safety  brake,  which  is  auto- 
matically set  when  the  current  is  cut  off  by  attendant  or  by  operation 
of  one  of  the  safety  devices. 

Gates : 

1.  Each  opening,  of  which  there  are  seven,  is  to  be  equipped  with 
semi-automatic  gate. 

2.  Each  gate  is  to  be  double  rail,  strong  and  substantial,  and  is  to 
operate  smoothly  and  surely  without  binding  or  catching. 

3.  Each  gate  is  to  be  hung  from  both  ends,  and  is  to  be  rigid  and  so 
attached  to  its  guides  that  it  cannot  be  sprung  from  them. 

4.  Ck>unterweights  are  to  have  neat  finished  wood  weight-boxes. 
Electric  Lights  and  "Wiring: 

1.  (a)  The  elevator  is  to  be  provided  with  an  electric-light  fixture 
with  heavy  wire  protecting  guard,  switch  and  wiring,  and  cable  to  out- 
let box  at  point  half  way  up  the  well. 

(b)  The  outlet  box  in  the  well  and  the  wiring  as  far  as  this  box,  will 
be  provided  under  another  contract. 

2.  The  Contractor  is  to  provide  lugs  (of  the  proper  size  for  receiving 
the  service  wires)  on  his  controller  to  which  electrical  connection  is  to 
be  made  under  another  contract. 

Grafting: 

1.  The  contractor  is  to  provide  and  erect  complete  over  the  elevator 
well  an  iron  grating  made  of  li-  by  I  in.  bars,  set  on  edge,  H  in.  on  centers, 
with  separate  bolts  not  more  than  2  ft.  apart,  and  with  heavy  channel- 
iron  frames. 

2.  In  addition,  the  Contractor  is  to  provide  and  erect  a  J-in.  mesh 
galvanized-iron  netting  to  prevent  the  possibility  of  tools  or  other 
objects  falling  through  the  grating  and  down  the  well. 

Painting: 

1.  All  structural  steel  and  iron  work,  except  the  bearing  surface 
of  guides,  etc.,  is  to  be  given  a  priming  coat  before  erection  and  three 
coats  of  lead  and  oil  paint  after  erection,  of  color  selected  by  the  owner. 

Starting  op  and  Testing : 

1.  The  contractor  is  to  start  up  and  put  the  elevator  in  proper 
operation. 

2.  The  contractor  is  to  test  the  elevator  for  capacity,  speed,  proper 
operation,  etc.,  complete,  in  the  presence  of  the  Owner  and  the  Engineers. 

3.  A  suitable  weighed  load  for  testing  will  be  provided  by  the  Owner, 
but  the  Contractor  is  to  load  and  unload  the  elevator  car  as  may  be 
requnwl. 

Guarantee: 

1.  The  Contractor  is  to  guarantee  the  elevator  to  be  free  from  de- 
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fects  in  workmanship,  material,  or  design  for  the  service  required,  and 
is  to  guarantee  to  make  good,  free  of  charge,  any  such  defects  which  may 
come  to  light  within  one  year  from  the  completion  of  this  contract. 

Laws: 

1.  The  Contractor  is  to  fulfill  all  the  laws,  ordinances,  and  require- 
ments of  state,  city,  insurance  companies,  etc. 

Time  of  Doing  Work: 

1.  All  necessary  measurements  are  to  be  taken  at  the  building  at  the 
earliest  possible  moment,  to  which  end  the  contractor  for  the  building 
and  the  sub-contractor  for  the  elevator  are  to  co-op^ate. 

2.  The  elevator  installation  is  then  to  be  pushed  to  completion 
as  rapidly  as  possible,  so  that  it  may  be  used  by  the  Owner  even  before 
the  contract  for  the  building  is  entirely  completed. 

PAINTING  AND  GLAZING 

Painting: 
Preparing  Work  and  Puttying: 

1.  AU  surfaces  to  be  painted  are  to  be  properly  cleaned  and  prepared 
for  painting,  the  rust  being  removed  from  metal,  and  all  surfaces  being 
made  smooth,  the  woodwork  being  sand-papered  and  all  nail  holes 
being  properly  puttied,  the  putty  being  colored  with  paint  of  the  same 
color  as  the  finish  coat  is  to  be. 
Lead  and  OH  Paint: 

1.  Is  to  be  made  of  pure  new  lead  and  best  American  linseed  oil. 
Colors: 

1.  Are  to  be  subject  to  the  approval  of  the  Engineers,  different 
shades  being  used  on  walls  above  and  below  chair  rails,  etc. 

2.  Samples  of  the  various  colors  and  shades  are  to  be  submitted  to 
the  Engineers  for  approval  before  the  painting  is  done,  and  all  colors 
and  shades  finally  used  are  to  be  in  accordance  with  the  approved 
samples. 

Priming: 

1.  The  priming  of  steel  and  iron  work  is  specified  under  the  heading 
"  Steel  and  Iron  Work." 

2.  All  window  and  door  frames  are  to  be  thoroughly  primed  in  the 
shop  before  being  shipped  to  the  building. 

3.  All  exterior  woodwork  to  be  painted  is  to  be  given  one  priming 
coat  before  or  immediately  after  erection,  special  care  being  taken  that 
all  surfaces  adjacent  to  or  set  in  masonry  are  primed  before  erection. 

Exterior  Painting: 

1.  Three  coats  of  lead  and  oil  paint,  in  addition  to  the  priming  coat, 
are  to  be  applied  to  (a)  all  exposed  exterior  woodwork,  including  doors 
and  frames,  window  sash  and  frames,  flag-pole,  etc.;  (c)  all  metal-cov- 
ered window  and  door  frames,  sash,  etc. 
Interior  Painting: 

1.  Three  coats  of  lead  and  oil  paint  are  to  be  applied  to  (a)  all  ex- 
posed interior  steel  and  iron  work,  including  iron  stairs  and  ladders 
and  supports,  steel  framing,  railings,  elevator  sheave  beams  and  plates. 
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tinned  doors,  frames,  gratings  over  elevator  wells,  elevator  machines 
and  motor,  rolling  steel  doors  and  supports,  casings,  pipe  sleeves  and 
plates,  not  N.  P.;  (b)  all  exposed  interior  woodwork,  except  hardwood, 
including  windows,  frames,  sash,  pine  plumbing  tanks,  backboards, 
etc.;  (c)  all  metal  and  metalH;overed  window  and  door  frames,  sash, 
etc.;  (d)  all  supports  for  w.  c.  partitions  and  for  wooden  sinks*  all  iron 
sinks,  angles  on  wooden  sinks. 

2.  All  buried  plumbing  piping  is  to  be  given  one  coat  of  black  asphal- 
tum. 

3.  (a)  All  concrete  and  plaster  walls,  columns,  piers,  partitions,  etc., 
in  the  vestibule,'  hall,  private  offices,  reception  room,  entry,  and  office 
toilet  room  on  the  first  floor  are  to  be  given  one  coat  of  a  cement  coat- 
ing approved  by  the  Engineers,  followed  by  one  coat  of  the  corre- 
sponding enamel  or  gloss  coating,  different  colors  being  used,  and  above 
the  chair  rail,  where  there  is  one,  and  all  colors  being  approved  by  the 
Engineers  from  samples  submitted. 

(b)  The  ceilings  of  the  above  rooms  are  to  be  tinted  one  coat. 

4.  (a)  All  other  concrete  and  plaster  walls,  columns,  piers,  partitions, 
etc.,  except  in  the  basement,  are  to  be  given  one  coat  of  approved  cement 
coating,  followed  by  one  coat  of  corresponding  enamel  or  gloss  coating, 
up  to  a  height  5  ft.  6  in.  from  the  floor  level,  and  one  coat  of  cold  water 
paint,  sprayed  on,  above. 

(b)  All  other  concrete  and  plaster  ceilings,  girders,  beams,  etc., 
except  in  the  basement,  are  to  be  giv^i  one  coat  of  cold  water  paint, 
sprayed  on. 

5.  (a)  The  walls,  columns,  piers,  and  partitions  in  the  cleaning  room 
in  the  basement  are  to  be  painted  above  the  tiles,  as  specified  for  the 
walls  in  the  offices. 

(b)  The  ceiling  girders,  etc.,  in  the  cleaning  room  are  to  be  given 
one  coat  of  cold  water  paint. 
Bronzing : 

1.  All  exposed  water,  soil,  vent,  rain  water  and  gas  piping,  except 
brass  piping,  is  to  be  given  two  coats  of  bronze,  different  colors  being 
used  for  different  kinds  of  piping,  as  directed  by  the  Engineers. 
Lettering : 

1.  Each  toilet  room  and  locker  room  is  to  be  nicely  lettered,  with 
letters  li  in.  high,  indicating  name  and  use  of  room. 

2.  Each  door  opening  on  to  elevator  well  is  to  be  marked  with  letters 
2 J  in.  high  '*  ELEVATOR." 

3.  All  wording  is  to  be  approved  by  the  owner. 

4.  All  lettering  is  to  be  done  by  experienced  sign  painters,  with  type 
of  paint  and  color  best  suited  to  the  requirements  in  each  case. 

Finish : 

1.  One  coat  of  oil  followed  by  one  coat  of  spar  varnish  is  to  be  applied 
to  (a)  all  sheathing  partitions  and  water  closet  doors,  (b)  all  hard- 
wood trim  and  finish,  except  where  otherwise  specified  below,  (c)  hard- 
wood doors,  (d)  elevator  gates. 

2.  One  coat  of  oil  is  to  be  applied  to  all  pulley  stiles. 

3.  All  hardwood  finish,  doors,  etc.,  in  vestibule,  hall,  private  office. 
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reception  room,  entry  and  office  toilet  room,  and  the  railing  and  shelf 
and  gate  at  office  entrance  are  to  be  finished  with  one  coat  of  stain 
followed  by  one  coat  of  shellac  rubbed  down,  followed  by  one  coat  of 
shellac  and  wax  rubbed  down. 
Glazing: 

1.  Plate  glass  is  to  be  used  for  glaiing  the  front  entrance  transom 
and  doors,  and  doors  and  windows  in  ''screen''  between  vestibule  and 
haU. 

2.  Best  quality  factory  ribbed  glass  is  to  be  used  for  (a)  all  interior 
glazing  except  certain  individual  lights  which  are  to  be  clear  glass,  such 
as  between  private  office  and  main  office  on  first  floor,  etc.,  the  exact 
lights  being  selected  at  the  building  and  except  where  wired  glass  is 
indicated. 

(b)  All  lower  sash  in  windows  in  toilet  rooms  and  wash  rooms. 

3.  Wired  glass  for  interior  glazing  aild  for  exterior  glazing  is  included 
under  "Carpentry"  and  under  "Roofing  and  Sheet  Metal  Work." 

4.  All  other  glazing  is  to  be  done  with  double  thick,  first  quality, 
American  glass. 

5.  All  glazing  is  to  be  repaired  at  the  completion  of  the  building. 


SECTION  2 
CONSTRUCTION 


CHAPTER  XVIII 
MATERIALS 

78.  Cement. — Portland  cement  only  should  be  used  in  rein- 
forced-concrete  construction.  Natural  and  slag  cements  are 
available  for  construction  purposes,  but  are  unsuitable  for  use 
except  in  xmexposed  structures  where  mass  and  weight  rather 
than  strength  are  essential  features.  In  reinforced  work  proper 
or  in  structures  exposed  to  the  action  of  the  elements,  Portland 
cement  should  invariably  be  employed  because  of  its  imiform 
quality  and  the  high  strength  which  it  rapidly  acquires. 

Portland  cement  is  made  by  artificially  mixing  lime  and  clay 
in  proper  proportions,  heating  the  mixture  to  the  point  of  fusion, 
and  then  finely  pulverizing  the  clinker.  The  materials  from 
which  Portland  cement  is  manufactured  vary  with  the  locality, 
but  Portland  cement  can  be  made  anywhere  by  burning  and 
grinding  a  proper  mixture  of  carbonate  of  lime  and  a  suitable 
clay. 

The  basic  elements  of  Portland  cement  are  silica,  alumina,  and 
lime.  Ingredients  such  as  iron,  magnesia,  alkalies,  sulphuric 
acid,  carbonic  acid,  and  water  also  occur  in  varying  quantities 
replacing  some  of  the  basic  elements.  The  constituents  should 
approximate  the  following  limits: 

Per  cent. 

Silica 20  to  24 

Alumina 5to   9 

Iron  oxide 2to    4 

Lime 60  to  63.5 

Magnesia 1  to    2 

Sulphur  trioxide 1.5 

The  essentials  of  Portland  cement — ^namely:  silica,  alumina, 
and  lime — ^are  obtained  from  six  different  sources. 
36  467 
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(1)  Cement  rock  and  limestone. 

(2)  Limestone  and  clay. 

(3)  Marl  and  clay. 

(4)  Chalk  and  clay. 

(5)  Blast-furnace  slag  and  limestone. 

(6)  Alkali  waste  and  clay. 

Cement  rock  (argillaceous  limestone,  low  in  magnesia)  and 
limestone  are  chiefly  used  in  the  Lehigh  district  and  constitute 
the  raw  materials  used  for  about  two-thirds  of  the  Portland 
cement  manufactured  in  the  United  States. 

In  order  to  insure  a  satisfactory  and  uniform  grade  of  cement, 
shipments  should  be  tested  according  to  rules  laid  down  by  the 
American  Society  of  Civil  Engineers  and  the  results  should 
conform  to  the  requirements  of  the  standard  specifications  pre- 
pared by  the  American  Society  for  Testing  Materials.  (Appendix, 
Section  H).  Copies  of  these  publications  may  be  obtained  from 
the  societies  named. 

Results  of  tests  depend  largely  upon  the  method  of  testing  and 
hence  it  is  important  that  definite  and  imiform  methods  be  em- 
ployed. The  kinds  of  tests  usually  made  are  as  follows:  (1) 
specific  gravity;  (2)  fineness;  (3)  time  of  setting;  (4)  tensile 
strength  of  neat  cement  and  of  sand  mortar;  (5)  soundness,  or 
constancy  of  voliune.  A  chemical  analysis  is  also  desirable  on 
large  work.  The  tests  for  soundness  and  strength  are  called 
primary  tests,  while  the  other  tests  are  called  secondary  since 
they  give  only  additional  information  which  is  of  little  value  in 
itself. 

Cement  testing  is  a  diflicult  process  and  should  be  entrusted 
only  to  experienced,  well-qualified  men.  It  is  a  well-known  fact 
that  the  personal  factor  has  considerable  to  do  with  the  results 
obtained  in  cement  testing  and,  on  this  accoimt,  there  is  a  vast 
amount  of  dissatisfaction  with  the  methods  specified  at  the  pres- 
ent time.  Moreover,  results  by  utterly  untrained  or  careless 
operators  are  really  worse  than  nothing  and  may  be  positively 
misleading.  The  comparative  results  by  any  one  experienced 
observer,  however,  are  generally  consistent  and  are  of  value. 
From  the  above  it  should  be  recognized  that,  if  cement  tests  are 
made,  it  is  worth  while  to  have  them  made  well,  even  at  a  pos- 
sible increase  of  expense. 

The  cement  used  in  testing  should  be  representative.  Gener- 
ally 1  bag  in  every  40  is  sampled,  or,  in  case  of  delivery  in  bar- 
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rels,  1  barrel  out  of  every  10.  These  small  samples  are  usually 
mixed  together  to  make  an  average  sample.  The  whole  is  then 
taken  to  the  testing  laboratory,  and  there  submitted  to  the  stand- 
ard tests.  Usually  8  or  10  lb.  of  cement  is  taken  from  each  car 
load  for  testing  purposes.  An  average  sample  of  a  package  may 
be  obtained  by  means  of  a  sampling  auger  (such  as  is  used  by 
butter  or  sugar  inspectors)  inserting  it  from  top  to  center  in  bags, 
and  from  side  to  center  in  barrels.  When  sampling  from  barrels, 
a  hole  is  made  for  the  purpose  in  the  center  of  one  of  the  barrel 
staves  midway  between  the  heads. 

Adulterations  in  Portland  cement  have  generally  been  looked 
upon  as  detrimental  to  its  quality,  and  the  cement  specifications 
in  common  use  are  of  a  character  to  exclude  any  grinding  in  of 
cheap  material  after  calcination.  Recent  investigations  have 
shown,  however,  that  some  forms  of  adulteration  are  possible 
without  injury  to  the  cement  and  in  many  cases  may  produce 
a  decided  improvement  in  every  desired  quaUty.  The  question 
at  once  arises — ^why  should  specifications  for  Portland  cement  be 
changed  so  as  to  admit  of  such  a  practice,  thus  materially  reduc- 
ing the  cost?  The  principal  reason  lies  in  the  fact  that  with 
what  is  known  at  the  present  time,  specifications  permitting 
adulteration  would  be  difficult  to  enforce  and  the  results  obtained 
with  adulterated  material  would  be  uncertain.  The  specific 
gravity  test  of  cement  is  mainly  for  the  purpose  of  detecting 
adulteration  such  as  clay,  slaked  lime,  sand,  ashes,  natural  ce- 
ment, or  products  of  natural  rock-like  ragstone  or  tufa.  The 
specific  gravity  test,  however,  should  be  taken  only  as  indica- 
tive and  should  be  verified  by  other  tests  before  rejecting  a 
material  which  does  not  come  up  to  standard.  Chemical  analy- 
sis serves  as  a  valuable  means  of  detecting  adulteration,  and 
also  shows  whether  those  elements  believed  to  be  harmful  are 
present  in  too  large  quantities. 

It  is  well  known  that  fine  grinding  has  a  very  great  influence 
on  the  properties  of  the  cement.  The  finer  the  grinding,  the  bet- 
ter the  quality,  since  fine  particles  will  more  easily  cover  the  sand 
grains,  making  mortar  much  stronger  and  allowing  the  use  of  a 
larger  percentage  of  sand.  A  Portland  cement  of  good  quality 
should  be  fine  enough  to  pass  at  least  92  per  cent  by  weight 
through  a  No.  100  sieve  and  75  per  cent  through  a  No.  200  sieve. 

The  time  of  setting  of  a  cement  may  vary  within  wide  limits 
and  is  no  criterion  of  the  quality,  but  it*  is  important  in  the  fact 
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that  it  indicates  whether  or  not  it  can  be  used  advantageously 
in  ordinary  construction.  A  cement  may  set  so  quickly  that  it 
is  worthless  for  use  as  a  building  material  (since  handling  cement 
after  it  commences  to  set  weakens  it  and  causes  it  to  disintegrate), 
or  it  may  set  so  slowly  that  it  will  greatly  delay  the  progress  of 
the  work.  Long-standing  cements  absorb  moisture  from  the 
air  and  lose  their  hydraulic  property.  A  moderate  amoimt  of 
seasoning  in  weather-tight  sheds,  however,  is  often  helpful  to 
secure  good  results.  Fresh  cement  contains  small  amoimts  of 
free  or  loosely  combined  lime  which  does  not  slake  freely  like 
ordinary  lime  and  causes  expansion,  endangering  the  structure  in 
which  it  is  used  in  this  condition.  During  the  time  of  seasoning 
the  free  lime  is  changed  to  carbonate  of  lime  and  in  this  state  the 
cement  does  not  swell.  Usually  cement  is  seasoned  at  the  mills 
before  shipping,  but,  with  the  best  mills,  the  stock  house  may  run 
so  low  in  periods  of  rush  that  a  chance  will  be  taken  on  fresh 
material.  Well-seasoned  cement  is  generally  lumpy,  but  the 
limips  are  easily  broken  up.  If,  however,  the  cement  has  been 
subjected  to  excessive  dampness,  or  has  been  wet,  lumps  will  be 
formed  which  are  hard  and  difficult  to  crush.  Aside  from  the 
consideration  of  age,  the  conditions  which  accelerate  the  setting 
are:  finely  groimd  and  lightly  burned  material,  dry  atmosphere, 
small  amount  of  water  used  in  gaging,  and  high  temperature  of 
both  water  and  air. 

There  are  two  distinct  stages  in  setting:  (1)  the  initial  set; 
and  (2)  the  hard  set.  The  best  cements  should  be  slow  in 
taking  the  initial  set  but  after  that  should  harden  rapidly. 
Portland  cement  should  acquire  the  initial  set  in  not  less  than 
30  minutes,  and  hard  set  in  not  less  than  one  hour  nor  more 
than  10  hours. 

The  object  of  testing  cement  in  tension  is  to  obtain  some 
measure  of  the  strength  of  the  material  in  actual  construction. 
In  other  words,  tests  of  tensile  strength  are  made  primarily  to 
determine  whether  the  ingredients  of  the  cement  and  the  process 
of  its  manufacture  are  such  that  a  continued  and  imifonn  harden- 
ing may  be  expected  in  the  work,  and  whether  it  will  have  such 
strength  when  placed  in  mortar  or  concrete  that  it  can  be 
depended  upon  to  withstand  the  strain  placed  upon  it. 

The  small  shapes  made  for  testing  are  called  hriqueties  and  have 
a  minimum  cross-sectional  area  of  1  sq.  in.,  that  is,  at  the  place 
where  they  will  break  when  tested.     Tests  are  made  with  bri- 
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quettes  of  neat  cement  and  also  with  briquettes  made  of  cement 
mortar  (one  part  cement,  three  parts  standard  sand  from 
Ottawa,  Illinois).  The  neat  cement  tests  measure  directly  its 
quality  while  the  mortar  tests  are  more  nearly  a  true  measure 
of  its  behavior  under  actual  conditions. 

It  is  customary  to  store  the  briquettes,  immediately  after  mak- 
ing, in  a  damp  atmosphere  for  24  hours.  They  are  then  immersed 
in  water  until  they  are  tested.  This  is  done  to  secure  uniformity 
of  setting,  and  to  prevent  the  drying  out  too  quickly  of  the 
cement,  thereby  preventing  shrinkage  cracks  which  greatly 
reduce  the  strength. 

Specifications  for  tensile  strength  of  cement  usually  stipulate 
that  the  material  must  pass  a  minimmn  strength  requirement  at 
7  and  28  days.  This  is  required  in  order  to  determine  the  gain 
in  strength  between  different  dates  of  testing  so  that  some  idea 
may  be  obtained  of  the  ultimate  strength  which  the  cement  will 
obtain.  A  first-class  cement,  when  tested,  should  give  the  values 
for  tensile  strength  stated  in  the  specifications  of  the  American 
Society  for  Testing  Materials. 

W.  Purves  Taylor  in  "Practical  Cement  Testing"  gives  the 
following  rules  for  accepting  or  rejecting  material  on  the  results 
of  tensile  tests: 

"At  7  days:  Reject  on  decidedly  low  sand  strength.  Hold  for  28 
days  on  low  or  excessively  high  neat  strength,  or  a  sand  strength  barely 
failing  to  pass  requirements. 

"At  28  days:  Reject  on  failure  in  either  neat  or  sand  strengths. 
Reject  on  retrogression  in  sand  strength,  even  if  passing  the  28-day 
requirements. 

"Reject  on  retrogression  in  neat  strength,  if  there  is  any  other 
indication  of  poor  quality,  or  if  the  7-day  test  is  low;  otherwise  accept. 

"Accept  if  failing  slightly  in  either  neat  or  sand  at  7  days  and  passing 
at  28  days." 

It  must  be  remembered  that  the  sand  test  is  the  true  criterion 
of  strength,  and  no  cement  failing  to  pass  this  test  should  be 
accepted,  even  though  the  neat  tests  are  satisfactory. 

A  cement  to  be  of  value  must  be  perfectly  sound;  that  is,  it 
must  remain  constant  in  volume  and  not  swell,  disintegrate,  or 
crmnble.  Excess  of  free  or  loosely  combined  lime  which  has  not 
become  sufliciently  hydrated,  excess  of  magnesia  and  alkalies, 
and  coarse  grinding,  are  all  causes  of  unsoundness.  Tests  for 
soundness  are  among  the  most  important  to  be  made  upon 
cements  and  should  extend  over  considerable  time  to  fully  develop 
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possible  inherent  defects.  The  usual  way  is  to  form  small  pats 
of  neat  cement  about  3  in.  in  diameter,  i  in.  thick  at  the  center, 
and  tapering  to  a  thin  edge.  These  pats  should  remain  a  definite 
time:  (1)  in  air;  (2)  in  water;  and  (3)  in  an  atmosphere  of  steam 
above  boiling  water.  To  pass  the  soimdness  tests  satisfactorily, 
the  pats  should  remain  firm  and  hard,  and  show  no  signs  of  crack- 
ing, distortion,  or  disintegration.  The  steam  tests  are  what  are 
called  accelerated  tests  and  are  for  the  purpose  of  developing  in 
a  short  tine  (five  hours)  those  qualities  which  tend  to  destroy 
the  strength  and  durability  of  a  cement.  In  the  present  state  of 
our  knowledge  it  cannot  be  said  that  cement  should  necessarily 
be  condemned  simply  for  failure  to  pass  the  accelerated  tests; 
nor  can  a  cement  be  considered  entirely  satisfactory  simply 
because  it  has  passed  these  tests.  The  air  and  water  tests  are 
called  normal  tests  and  extend  over  a  period  of  28  days. 

Full  specifications  similar  to  those  of  the  American  Society 
for  Testing  Materials  are  advisable  for  important  work  whether 
large  or  small.  When  purchasing  by  such  specifications  it  may 
often  be  unnecessary  actually  to  test  the  cement  except  for  set, 
soundness  and  fineness,  but  the  full  specifications  are  recom- 
mended so  that,  if  the  cement  does  not  work  satisfactorily,  it  may 
be  more  carefully  examined  and  unused  portions  rejected.  Some 
large  purchasers  have  apparatus  for  making  complete  cement 
tests  in  the  field,  but  it  is  customary  to  have  the  tests  made  at 
some  testing  laboratory.  In  unimportant  construction  it  is 
usually  safe  to  use  a  first-class  American  Portland  cement  without 
testing. 

Cement  should  be  stored  within  a  tight,  weather-proof  building, 
at  least  8  in.  away  from  the  ground  and  an  equal  distance  from  any 
wall,  so  that  free  circulation  of  air  may  be  obtained.  In  case  the 
floor  of  the  building  is  laid  directly  above  the  ground,  it  would 
be  well  to  give  the  cement  an  additional  8-in.  elevation  by  means 
of  a  false  floor,  so  as  to  insure  ventilation  underneath.  The 
cement  should  be  stored  in  such  a  manner  as  to  permit  easy 
access  for  proper  inspection  and  identification  of  each  shipment. 
A  period  of  at  least  12  days  should  be  allowed  by  the  contractor 
for  the  inspection  and  necessary  tests. 

Where  cement  in  bags  is  stored  in  high  piles  for  long  periods, 
there  is  often  a  slight  tendency  in  the  lower  layers  to  harden, 
caused  by  the  pressure  above;  this  is  known  as  warehiyuse  set. 
Cement  in  this  condition  is  in  every  way  fit  for  service  and  can 
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be  re-conditioned  by  letting  each  sack  drop  on  a  solid  surface 
before  using  the  cement  contained. 

Cement  may  be  obtained  in  cloth  or  paper  bags,  in  bulk,  and 
in  barrels.  Cloth  bags  are  the  containers  most  generally  used 
since  manufacturers  will  accept  the  empty  bags  if  returned  in 
good  condition.  The  consimier,  however,  must  prepay  the  freight 
when  returning  the  empty  bags  to  the  mill.  The  cloth  bag  will 
8t£md  transportation,  and  its  size  and  shape  make  it  convenient 
to  handle.  If  properly  cared  for,  it  may  be  used  over  and  over 
again.  The  following  is  quoted  from  Concrete-Cement  Age,  May, 
1913: 

"Wooden  barrels  are  out  of  the  question  because  of  increased  cost 
of  packing  the  cement  into  them;  the  large  initial  cost  of  the  barrel 
itself  (35  cents  to  40  cents  each);  the  inconvenience  in  handling  a 
package  weighing  400  lb.,  especially  on  large  work;  the  increased  cost 
represented  by  freight  on  weight  of  each  barrel  (approximately  25  lb.); 
and  the  increased  cost  of  the  cement  to  the  dealer  and  the  user  because 
the  barrel  cannot  be  returned.  It  will  be  seen,  therefore,  that  the  use 
of  the  wooden  barrel  would  entail  a  direct  additional  tax  on  the  dealer 
or  the  user — ^all  items  considered — of  approximately  40  cents  per 
barrel. 

"Paper  bags  are  used  to  a  limited  extent.  They  cost  the  manufac- 
turer 10  cents  per  barrel  (4  bags  to  a  barrel),  and  the  additional  burden 
to  the  dealer  and  the  user  is  represented  by  this  10  cents  per  barrel, 
plus  the  loss  resulting  from  breakage  in  transportation  and  handling, 
which  is  large  (probably  5  cents  per  barrel),  and  very  annoying.  The 
shippers  will  not  be  responsib  e  for  damage  to  paper  bags  and,  on  the 
whole,  paper  bags  which  cannot  be  saved  or  returned  impose  ap 
additional  and  wholly  unnecessary  burden  of  approximately  15  cents 
per  barrel — all  items  considered — on  the  ultimate  consumer. 

"If  a  cloth  cement  sack  can  be  used  eight  times — as  it  may  be  if 
properly  cared  for  and  returned  promptly  when  empty — the  loss  or 
burden  imposed  upon  the  ultimate  consiuner  from  the  use  of  cloth 
sacks  is  5  cents  per  barrel  only,  which  is  only  J  the  burden  imposed 
by  the  use  of  paper  bags,  and  J  the  burden  imposed  by  the  use  of 
wooden  barrels. 

"Cloth  sacks,  cheaper  than  those  now  used  for  carrying  cement,  are' 
out  of  the  question,  because  they  are  too  frail  and  weak  to  stand  trans- 
portation and  protect  the  heavy  weight  of  cement." 

Within  the  past  year  or  two  considerable  cement  has  been 
shipped  in  bulk  to  cement-product  factories  and  to  construction 
jobs  adjacent  to  railroad  tracks.  Much  economy  has  resulted 
from  the  saving  in  labor,  and  from  the  elimination  of  package 
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losses  and  expense.  There  seems  to  be  no  difficulty  in  shipping 
bulk  cement  in  tight  box  cars  and  this  method  will  undoubtedly 
become  more  popular  in  the  near  future. 

79.  Aggregates. — It  is  important  that  great  care  be  exercised 
in  the  selection  of  the  aggregates  for  concrete — and  this  applies 
most  particularly  to  the  fine  aggregate  or  sand.  (See  Appendix, 
Section  B.) 

The  two  most  essential  qualities  to  consider  in  sand  are  clean- 
ness (that  is,  freedom  from  impurities)  and  the  size  of  grain,  or 
granulometric  composition.  The  testing  of  the  sand,  by  deter- 
mining the  tensile  strength  of  mortar  made  from  it,  is  the 
simplest  way  of  proving  its  quality  but  this  test  should  be  sup- 
plemented by  a  sieve  analysis,  as  explained  in  Art.  3  of  Volume  I. 

The  methods  of  tests  for  concrete  materials  are  fully  described 
in  the  Report  of  Committee  on  Specifications  and  Methods  of 
Tests  for  Concrete  Materials,  National  Association  of  Cement 
Users,  presented  at  the  Annual  Convention  at  Pittsburgh,  Pa., 
Dec.  10  to  14, 1912.  This  report  which  follows  is  very  instructive 
and  should  be  carefully  studied. 

The  present  report  emphasizes  the  necessity  for  more  rigid  require- 
ments for  the  acceptance  of  concrete  materials  and  for  routine  tests  of 
the  materials  and  the  concrete. 

TESTS  OF  CONCRETE 

Tests  of  the  individual  materials  are  not  sufficient  for  determining 
the  quality  of  the  concrete  made  from  them.  A  certain  sand  may 
give  satisfactory  results  with  one  brand  of  cement  and  prove  a  failure 
with  another.  A  sand  of  a  certain  granulometric  composition  may 
require  an  entirely  different  proportioning  with  one  coarse  aggregate 
than  with  another  or  may  be  unsuited  for  use  with  it  because  of  the 
sizes  of  the  grains. 

The  Committee  recommends  that  for  all  important  structures, 
such  as  dams,  conduits,  and  buildings,  specimens  of  concrete  be  made 
up  in  advance  of  the  actual  work  from  materials  which  it  is  proposed 
to  use  in  the  work.  These  specimens  should  be  made  under  laboratory 
conditions  so  as  to  obtain  uniformity  in  mixing  and  storage,  and  with 
the  same  consistency  which  is  to  be  used  in  the  proposed  structure. 
The  specimens  should  be  stored  in  moist  atmosphere  and  compressive 
tests  made  at  the  age  of  28  days  and  also  at  other  periods  if  practicable. 
The  final  selection  of  the  materials  and  the  proportions  to  be  adopted 
should  be  governed  by  the  results  of  these  tests. 
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The  tests  now  in  progress  in  different  laboratories  under  the  auspices 
of  the  Committee  are  expected  to  furnish  data  from  which  definite 
recommendations  may  be  made  as  to  the  size  and  shape  of  the  specimen. 
The  Joint  Committee  on  Concrete  and  Reinforced  Concrete  recommend 
cylinders  8  in.  diameter  by  16  in.  high.  Where  it  is  impracticable 
to  adopt  this  size,  a  6-in.  cube  or  a  cylinder  6  in.  diameter  and  6  in. 
high  is  tentatively  suggested  for  use  with  aggregates  under  1}  in.  in 
size.  It  must  be  borne  in  mind  that  specimens  of  this  shape  may  give 
from  10  to  20  per  cent  higher  strength  than  the  same  materials  made 
into  oblong  cylinders  or  prisms. 

Layout  of  Concrete  Tests. — In  order  to  obtain  well-defined  informa- 
tion with  reference  to  the  effect  of  different  shapes  and  sizes  of  speci- 
mens and  different  mixtures,  the  Committee  has  laid  out  in  very  full 
detail  a  number  of  series  of  tests.  These  specifications  have  been 
sent  to  various  laboratories  throughout  the  country  and  accepted  by 
them  as  a  part  of  their  routine  tests  for  the  coming  year.  The  results 
of  these  tests  will  be  presented  in  the  next  report  of  this  Committee. 


TESTS  OF  CONCRETE  MATERIALS 

Tests  of  materials  for  use  in  mortar  or  concrete  may  be  divided 
into  two  general  classes: 

(1)  Tests  for  acceptance. 

(2)  Tests  for  quality. 

These  two  divisions  frequently  merge  into  each  other  because  in 
many  cases  the  special  characteristics  of  a  sand  may  render  it  unfit 
for  certain  work,  although  it  may  satisfactorily  pass  a  standard  test 
for  acceptance. 

The  most  important  questions  to  be  asked  in  regard  to  a  material 
are:  (a)  Can  it  be  used?  (6)  In  what  proportions  must  it  be  mixed 
with  the  other  materials  to  produce  the  required  qualities  in  mortar 
or  concrete?  (c)  Can  another  material  of  the  same  class  be  substituted 
with  greater  economy? 

For  small  structures  and,  in  fact,  frequently  for  larger  ones  where 
the  sources  of  supply  are  limited,  the  all  important  question  is  a  com- 
bination of  the  first  two,  namely,  can  a  certain  material — and  this 
applies  most  frequently  to  the  fine  aggregate  or  sand — ^be  used,  and 
in  what  proportions  to  give  the  desired  quality  of  concrete  or  mortar? 
For  structures  where  the  volume  of  the  concrete  is  large  so  that  the 
economy  of  the  proportioning  is  paramount,  or  for  small  structures 
subjected  to  special  conditions — such  as  the  effect  of  sea  water — the 
cement  and  aggregates  should  be  thoroughly  studied  also  and  special 
tests  made  to  determine  the  most  economical  or  the  qualifications  for 
the  work  proposed. 


476      REINFORCED  CONCRETE  CONSTRUCTION 

Taking  the  matter  of  the  selection  of  sand  alone,  an  illustration 
of  the  poor  quality  that  is  frequently  used  in  practice  is  found  in  the 
tests  in  the  laboratory  of  one  of  the  members  of  the  Committee.  Out 
of  37  samples  of  sand  from  different  parts  of  the  country  made  into 
1 : 3  mortar,  12  were  equal  to  or  greater  in  strength  than  similar  mortar 
of  standard  Ottawa  sand;  5  were  between  90  and  100  per  cent  of  stan- 
dard sand;  6  were  between  80  and  90  per  cent;  4  were  between  70 
and  80  per  cent;  6  were  between  60  and  70  per  cent;  1  between  50  and 
60  per  cent;  2  between  40  and  50  per  cent;  and  1  between  30  and  40 
per  cent.  Such  results  as  these  indicate  the  absolute  necessity  for 
always  testing  sand  that  is  used  in  concrete.  For  large  and  important 
structures,  such  as  dams,  timnels,  aqueducts,  buildings,  and  other 
reinforced  concrete  work,  not  only  preliminary  tests  should  be  made 
but  frequent  tests  at  stated  intervals  to  avoid  the  danger  of  inequalities 
in  the  supply. 

TESTS  OF  MATERIALS  FOR  ACCEPTANCE 

The  cement  shall  meet  the  requirements  of  the  Standard  Specifica- 
tions for  Portland  Cement  of  the  American  Society  for  Testing  Materials 
and  adopted  by  this  Association. 

Fine  Aggregate 

Sand  or  other  fine  aggregate  should  always  be  tested.  In  ordinary 
cases  where  special  characteristics  are  not  required,  the  test  for  accept- 
ance is  the  determination  of  the  strength  of  mortar  made  up  with 
the  cement  and  fine  aggregate  to  be  used  on  the  work  in  comparison 
with  the  strength  of  identical  specimens  made  with  standard  sand. 
The  results  of  this  test  also  are  an  aid  to  the  selection  of  the  proportions 
which  should  be  adopted. 

Compression  tests  of  mortar  are  the  most  reliable,  but  tensile  tests 
may  be  employed  when  a  compression  machine  is  not  available. 

Selection  of  Sample. — ^Take  an  average  sample  aggregating  20  lb. 
Ship  in  strong  box  or  bag  or  barrel,  so  that  laboratory  will  receive 
material  in  its  natural  condition.  Ship  in  a  separate  package  from 
the  cement. 

Quartering. — Unless  grains  are  of  uniform  size,  separate  from  the 
large  sample  the  quantity  required  for  the  test  by  quartering  or  other 
similar  means. 

Making  Specimens. — Mold  a  large  enough  quantity  so  that  there 
will  be  at  least  four  specimens  each  to  test  at  72  hours,  7  da3rs,  and 
28  days,  in  proportions  1  part  cement  to  3  parts  sand  by  dry  weight. 
Bank  sand  should  not  be  dried,  since  drying  may  affect  the  quality, 
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but  the  percentage  of  moisture  should  be  determined  by  test  on  another 
sample,  and  corrected  for  in  making  the  weights.  The  consistency- 
should  be  the  same  as  that  required  for  standard  sand  mortar.  From 
10  to  40  per  cent  more  water  may  be  required  for  bank  sands  or  arti- 
ficial aggregates  than  for  standard  Ottawa  sand  to  produce  the  same 
consistency. 

Similar  specimens  of  the  same  cement  mixed  at  the  same  time  under 
the  same  conditions  should  be  made  with  standard  Ottawa  sand  in 
the  same  proportions. 

All  temperatures  of  mixing  and  storage  should  be  maintained  at 
70**  F.    During  the  first  24  hours  the  specimens  should  be  stored  in  , 
moist  air  and  the  remainder  of  the  period  in  water. 

The  72-hour  test  is  the  most  severe  and  sand  failing  to  attain  the 
requirement  at  this  age  frequently  reaches  it  at  7  or  28  days  and  can 
be  accepted.  If,  however,  the  72-hour  briquets  break  in  the  clips  of 
the  machine  or  if  the  specimens  at  this  age  show  very  low  strength, 
say  25  per  cent,  or  below,  of  the  strength  of  standard  sand  mortar, 
the  sand  should  be  considered  dangerous  to  use  on  any  important  work 
of  construction. 

Requirements  for  Strength. — ^The  aim  in  concrete  construction  should 
be  to  obtain  a  sand  which  produces  a  1:3  mortar  equal  in  strength 
to  a  similar  mortar  of  standard  Ottawa  sand.  Sands  producing 
mortars  having  a  strength  of  less  than  70  per  cent  of  standard  sand 
mortar  should  be  rejected. 

Between  these  two  limits  the  variations  in  strength  should  be  taken 
into  account  in  fixing  the  proportions  of  the  mortar  or  concrete. 

Other  Tests. — For  work  requiring  special  characteristics,  the  fine 
aggregate  must  be  accepted  not  merely  on  passing  the  tests  for  strength, 
but  other  tests,  such  as  the  test  for  permeability,  the  effect  of  different 
brands  of  cement,  the  effect  of  frost  action  and  the  effect  of  fire.  Char- 
acteristics of  yield,  density,  chemical  composition,  granulometric  com- 
position, and  amount  of  organic  matter,  are  frequently  required. 

Coarse  Aggregates 

It  is  recommended  that  the  quality  of  the  coarse  aggregate  be  de- 
termined from  the  preliminary  tests  of  concrete  made  with  the  materials 
and  in  the  proportions  designed  to  be  used  in  the  work.  Government 
tests  made  at  the  Structural  Materials  Laboratory  in  St.  Louis  under 
the  direction  of  Mr.  Richard  L.  Humphrey,  clearly  show  that  the 
hardness  of  the  particles  of  coarse  aggregate  appreciably  affect  the 
strength  of  the  aggregate,  so  that  greater  stresses  may  be  used  in 
concrete  when  the  stone  is  hard  than  when  it  is  soft.  In  certain  cases 
the  chemical  composition  of  the  coarse  aggregate  rfiay  affect  the  strength 
and  durability  of  the  concrete. 
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TESTS  FOR  QUALITY  OF  FINE  AGGREGATE 

In  addition  to  the  tests  for  acceptance  which  have  been  discussed 
in  the  preceding  paragraphs,  many  aggregates  require  special  tests 
Furthermore,  various  laboratories  have  adopted  different  classes  of 
tests  to  use  with  aggregates  which  come  to  them  for  examination. 
This  can  be  discussed  best  by  a  consideration  of  the  practice  in  different 
laboratories. 

During  the  past  year  this  committee  has  been  in  communication 
with  all  of  the  laboratories  of  which  they  were  able  to  learn,  in  an 
effort  to  gather  as  complete  data  as  possible  relative  to  the  various 
tests  for  a  sand  now  in  use.  Each  laboratory  was  requested  to  furnish 
a  complete  description  of  their  methods  of  testing  sands — in  most 
cases  such  descriptions  were  freely  furnished.  In  all,  28  laboratories 
were  communicated  with  and  replies  were  received  from  24;  of  these, 
15  gave  more  or  less  complete  descriptions  of  their  tests. 

The  data  in  these  replies  were  tabulated  and  listed  and  gave  some 
very  interesting  information.  It  was  found  that  some  26  different 
steps  are  taken  in  these  laboratories  for  the  determination  of  the 
suitability  of  a  sand  for  use  in  concrete  or  mortar. 

Listed  and  briefly  described,  these  steps  are  as  follows: 

1.  Examination  of  Deposit  to  determine  its  uniformity,  stratification, 
extent,  overburden,  methods  of  stripping,  handling,  screening,  washing, 
etc. 

2.  Preparation  of  Sample  to  eliminate  stones,  water,  silt,  and  to 
insure  its  being  representative  of  the  bank  or  the  quantity  from  which 
it  was  taken. 

3.  Tensile  Test  of  Mortar  to  determine  the  strength  of  known  mixtures 
of  the  sand  and  Portland  cement  at  various  ages  and  to  compare  this 
strength  with  that  of  standard  Ottawa  sand. 

4.  Compressive  Test  of  Mortar  to  determine  the  strength  of  known 
mixtures  of  the  sand  and  Portland  cement  at  various  ages  and  to  ascer- 
tain what  mixture  is  necessary  to  produce  a  required  strength,  or 
impermeability. 

5.  Compressive  Test  of  Concrete  to  determine  the  strength  of  known 
mixtures  of  the  sand  and  a  coarse  aggregate  and  Portland  cement 
at  various  ages  and  to  ascertain  what  mixture  is  necessary  to  produce 
a  required  strength  or  impermeability.  In  the  case  of  bank  gravel 
or  crushed  stone  which  is  not  to  be  screened  and  reproportioned  this 
test  is  used  instead  of  No.  4  above. 

6.  Percentage  of  Moisture  is  determined  in  order  to  allow  for  the  water 
contained  in  the  sand  in  proportioning  mixtures,  computing  freight 
rates,  etc. 

7.  Percentage  of  Voids  is  determined: 

(a)  By  determining  the  specific  gravity  of  the  solid  particles  and 
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weighing  a  known  volume  of  the  sand  and  computing  therefrom  the 
percentage  of  voids. 

(b)  By  filling  the  voids  in  a  known  volume  of  sand  with  a  measured 
amount  of  a  liquid.^ 

8.  Yield,  or  Volume  of  Mixtures  is  determined  by  adding  a  known 
quantity  of  cement  to  a  known  quantity  of  the  sand,  wetting  the 
mixture  and  noting  the  increase  in  the  volume  of  the  sand.  This 
is  repeated  with  various  proportions  of  cement  and  sand  to  ascertain 
the  amount  of  cement  required  to  fill  the  voids  in  the  sand. 

9.  Density  of  Mortar  and  Concrete  is  determined  for  various  mixtures 
of  cement  and  sand  and  of  cement,  sand,  and  stone  to  ascertain  that 
mixture  which  gives  a  material  of  the  greatest  weight  per  xmit  of 
volume. 

10.  Specific  Gravity  of  Solid  Particles  is  determined  by  three  different 
methods: 

(a)  By  the  specific  gravity  apparatus  such  as  the  Jackson  flask. 

(b)  By  pouring  a  known  weight  of  sand  into  a  known  volume  of 
water  and  noting  increase  of  volume  of  liquid. 

(c)  For  coarse  aggregate  by  suspending  pieces  by  a  thread  on  chemical 
scales  and  noting  weight  in  air  and  weight  when  hanging  in  a  jar  of 
water. 

11.  Specific  Gravity  of  Sand  including  vofds  is  determined  by  weighing 
a  known  volume  of  the  sand  exclusive  of  moisture  and  computing  the 
specific  gravity  from  the  known  weight  of  the  same  volume  of  water. 
Having  determined  the  specific  gravity  of  the  solid  particles  (Test  10) 
and  also  that  of  the  sand  (including  voids)  the  per  cent  of  voids  in  the 
sand  may  be  calculated. 

12.  Weight  per  Cubic  Foot  is  determined  by  weighing  a  known  volume 
of  the  sand.    This  test  is  very  closely  related  to  Test  11. 

13.  Granulometric  Analysis  or  Mechanical  Analysis  is  made  by 
passing  a  known  weight  of  the  sand  through  a  series  of  sieves  of  various 
sizes  and  noting  the  amount  retained  on  each  sieve  and  the  amount 
passing  the  finest  one.  This  test  shows  the  distribution  of  the  particles 
from  fine  to  coarse. 

14.  Uniformity  Coefficient  is  determined  from  a  curve  plotted  from 
the  granulometric  analysis  by  dividing  the  diameter  of  the  particles 
at  the  point  where  the  curve  crosses  the  60  per  cent  ordinate  by  the 
diameter  of  the  particles  at  the  point  where  the  curve  crosses  the  10 
per  cent  ordinate. 

15.  Wet  Screening  of  a  sand  on  the  100-  and  200-mesh  sieves  shows 
the  amount  of  fine  material  which  can  be  washed  from  the  sand  and 
which  in  the  case  of  dry  screening  in  Test  13  often  adheres  to  the 
larger  particles  and  so  leads  to  uncertain  results. 

*  This  method  as  usually  practiced  is  very  inexact  on  account  of  the  air 
entrained. 
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16.  Sili  Suspended  in  Water  is  determined  by  agitating  a  quantity 
of  the  sand  with  a  large  excess  of  water  in  a  tall  cylindrical  glass  vessel 
and  noting  the  amount  of  silt  which  becomes  suspended  in  the  water 
and  later  settles  down  on  the  top  of  the  sand. 

17.  Silt  Washed  Out  is  found  by  agitating  a  known  quantity  of  the 
sand  in  water,  allowing  the  coarse  particles  to  settle  and  decanting  or 
sjrphoning  off  the  muddy  water  from  the  top.  This  operation  is 
repeated  until  clear  water  is  obtained.  The  amount  of  silt  washed 
out  is  determined  after  evaporating  the  water. 

18.  Loss  on  Ignition  is  determined  by  heating  to  a  red  heat  a  weighed 
quantity  of  the  dried  sand  and  again  weighing  after  cooling.  This 
test  is  best  performed  only  on  the  silt  washed  from  a  quantity  of  sand 
as  the  silt  usually  contains  the  injurious  organic  constituents  of  the 
sand. 

19.  Organic  Matter  is  sometimes  determined  after  the  methods 
employed  by  the  agricultural  chemists. 

20.  Chemical  Analysis  is  made  to  determine  the  character  of  the 
sand  grains.  Only  a  few  of  the  most  conMnon  rock  constituents  are 
usually  determined  quantitatively,  for  the  purpose  of  judging  of  the 
strength  and  durability  of  concrete  made  from  the  sand.  A  high  silica 
content  is  usually  desired. 

21.  Microscopical  Examination  is  made  to  ascertain  the  approximate 
size  of  the  grains,  their  shape,  character  of  surface  and  to  detect  the 
pressure  of  objectionable  material  or  foreign  matter  such  as  mica  or 
small  roots  or  a  coating  on  the  grains. 

22.  Absorption  of  Mortar  and  Concrete  made  from  the  sand  mixed 
in  varying  proportions  with  cement  or  cement  and  stone  is  determined 
to  ascertain  its  suitability  and  the  proper  proportions  for  the  produc- 
tion of  a  product  having  a  minimum  of  absorption. 

23.  Permeability  of  Mortar  and  Concrete  made  from  the  sand  is  some- 
times determined  for  various  proportions  of  the  constituents  in  order 
to  determine  mixtures  for  the  production  of  an  impermeable  mortar 
or  concrete. 

24.  Effect  of  Different  Cements  on  some  sands  is  quite  variable  and 
tests  are  sometimes  made  to  determine  with  which  of  several  available 
cements  the  sand  will  give  best  results. 

25.  Freezing  during  the  setting  time  has  a  more  injurious  effect 
on  mortar  and  concrete  made  with  some  sands  than  those  made  by 
others  and  tests  are  made  to  determine  the  exte  at  to  which  the  sand 
is  affected  by  freezing. 

26.  Fire  has  a  more  disastrous  effect  on  some  sands  when  used  in 
mortar  or  concrete  than  it  has  upon  others  and  a  heat  test  is  made  to 
show  the  ability  of  the  sand  to  resist  fire. 


MATERIALS  481 

NuMBBB  OF  Laboratories  Using  Each  Test 

Number  of 
Test  laboratories 

1.  Examination  of  deposit 4 

2.  Preparation  of  sample 8 

3.  Tensile  test  of  mortar 15 

4.  Compressive  test  of  mortar 7 

5.  Compressive  test  of  concrete 5 

6.  Per  cent  of  moisture 7 

7.  Per  cent  of  voids 16 

8.  Yield  or  volume  of  mixture 3 

9.  Density  of  mortar  and  concrete 2 

10.  Specific  gravity  of  solid  particles 4 

11.  Specific  gravity  of  sand 5 

12.  Weight  per  cubic  foot 2 

13.  Granulometric  analysis 16 

14.  Uniformity  coefficient 4 

15.  Wet  screening 1 

16.  Silt  suspended  in  water 4 

17.  Silt  washed  out 8 

18.  Loss  on  ignition 5 

19.  Organic  matter  by  agricultural  methods 1 

20.  Chemical  analysis 5 

21.  Microscopical  examination 5 

22.  Absorption 1 

23.  Permeability 3 

24.  Effect  of  different  cements 2 

25.  Freezing 1 

26.  Fire 1 

No  doubt  other  tests  of  fine  aggregate  are  in  use  which  have  not 
come  to  the  notice  of  the  Committee,  but  the  very  large  range  and  lack 
of  uniformity  is  illustrated  by  the  outline  given.  No  two  of  the  labora- 
tories used  the  same  tests,  and  scarcely  two  of  them  carry  out  their 
tests  in  exactly  the  same  manner,  so  that  at  present  it  is  difficult  or 
impossible  to  accurately  compare  the  results  obtained  in  one  laboratory 
with  those  obtained  in  another. 

Examination  of  the  list  shows  that  the  popular  tests  for  sand  at 
the  present  time  are  granulometric  analysis,  tensile  tests  of  mortar, 
and  percentage  of  voids.  Of  these  only  one,  the  tensile  test  of  mortar, 
belongs  properly  in  the  classification  of  tests  for  acceptance  as  discussed 
in  preceding  paragraphs  of  the  report. 

The  problem  before  the  engineer  who  is  interested  in  proper  methods 
of  testing  materials  is  to  select  and  standardize  such  tests  as  will  give 
the  necessary  data  which  will  determine  whether  or  not  the  sand  is 
suitable  for  a  particular  use  and,  if  suitable,  in  what  proportions  it 
should  be  used  to  produce  desired  qualities  in  the  resulting  mortar  or 
concrete. 
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Impurities  in  sand  and  stone  may  usually  be  removed  by  wash- 
ing. The  washing  for  small  jobs  may  be  done  in  almost  any  type 
of  batch  concrete  mixer  by  simply  removing  the  mixer  and  letting 
the  hose  play  inside  without  stopping.  When  the  mixer  over- 
flows, the  water  will  carry  off  the  foreign  matter.  For  larger 
jobs,  however,  the  most  satisfactory  plan  is  to  wash  the  materials 
down  a  trough  over  screens,  or  against  and  through  screens  in- 
clined in  the  opposite  direction  from  the  trough.  Screens  with 
round-punched  holes  are  better  for  this  purpose  than  wire  mesh. 

80.  Metal  Reinforcement. — ^The  requirements  and  tests  for 
steel  are  fully  explained  in  Chapter  II  of  Volume  I  and  in  Sections 
B  and  H  of  the  Appendix.  Types  of  reinforcement  have  been 
described  in  Chapter  V. 


CHAPTER  XIX 
FORMS 

The  design,  construction,  and  erection  of  forms  should  be  given 
careful  attention  since  they  are  matters  of  the  greatest  importance 
as  regards  the  cost  and  satisfactory  execution  of  reinforced-con- 
Crete  work.  In  fact,  the  cost  of  forms  frequently  determines 
the  amount  of  profit  or  loss  in  the  building  of  reinforced-concrete 
structures. 

81.  General  Requirements. — In  general,  form  material  and 
workmanship  should  be  such  that  the  finished  concrete  will  be 
true  to  line  and  surface,  with  no  irregularities,  and  great  care 
should  be  taken  to  obtain  tight  joints  in  order  to  prevent  leakage. 
Leakage  produces  either  sand  or  stone  pockets  on  the  surface  of 
the  finished  concrete  and  gives  the  structure  a  bad  appearance. 

Economy  in  form  work  depends  to  a  considerable  extent  on 
many  of  the  small  details  in  design  and  construction.  These 
details  should  be  such  that  the  forms  may  be  easily  removed  and 
so  that  they  may  be  used  over  and  over  again,  as  there  is  seldom 
economy  in  making  rough  forms  which  must  be  ripped  to  pieces 
when  taken  down.  Square  comers  in  forms  should  be  avoided, 
and  this  may  be  accomplished,  in  the  case  of  re-entrant  angles, 
by  beveling  the  sheathing  lumber;  in  other  cases,  by  inserting 
triangular  pieces,  usually  called  V-strips  or  bevel  strips.  This 
practice  improves  the  appearance  of  structural  members  and 
makes  form  removal  easy.  Where  slab  panels  meet  girder  forms, 
a  good  plan  is  to  place  triangular  strips  across  the  ends  of  the  slab 
boards  in  order  to  prevent  the  end  grain  of  the  wood  showing  on 
the  finished  concrete. 

Forms  should  be  durable  and  rigid,  and  with  sufficient  strength 
to  carry  the  loads  that  are  likely  to  come  upK)n  them.  Hori- 
zontal members  should  be  capable  of  supporting  the  weight  of  the 
concrete  and  the  construction  load.  Vertical  members  should  be 
proportioned  for  the  pressure  of  wet  concrete. 

Simplicity  in  form  work  should  be  considered  in  the  design  of 
the  structural  members.  Where  possible,  uniform  story  heights 
36  ^  483  ^ 
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should  be  selected  in  order  to  prevent  continual  remaking  of 
column  forms,  and  frequent  changes  in  column  sizes  should  be 
avoided  (at  least  in  the  case  of  light-floor  construction),  not  only 
on  account  of  the  colunms  themselves,  but  on  account  of  the 
beams  and  girders  which  frame  into  them.  Also  where  it  is 
feasible,  the  sizes  of  beams  should  be  arranged  so  that  the  con- 
tractor may  use  his  forms  many  times,  thus  greatly  reducing  the 
expense  for  lumber. 

A  slight  excess  of  concrete  may  sometimes  save  three  or  four 
times  the  cost  of  same  in  carpenter  work  and  lumber.  Fre- 
quently beams  may  be  designed  of  such  widths  as  to  use  dimen- 
sion widths  of  lumber  without  splitting. 

82.  Lumber  for  Forms. — The  character  of  the  work  and  the 
local  market  will  generally  govern  the  selection  of  the  lumber  to 
use  for  forms.  The  hardwoods,  of  course,  are  too  hard  to  work 
and  are  too  expensive.  Of  the  softer  woods  which  are  cheap 
enough  and  of  a  satisfactory  character  for  use  in  form  work, 
spruce,  fir,  Norway  pine,  and  southern  pine  are  usually  the  most 
available.  White  pine  is  the  best  material  to  use  where  excep- 
tionally smooth  surfaces  are  required,  but  it  is  usually  too  expen- 
sive except  for  forming  moldings  or  other  ornamental  designs. 

Spruce,  in  sections  where  it  is  readily  obtained,  is  perhaps  the 
best  material  for  joists,  studs,  and  posts.  A  good  quality  of 
North  Carolina  pine,  however,  is  preferable  to  spruce  for  panels 
because  it  is  less  likely  to  warp  and  has  a  harder  surface. 

Partly  dry  lumber  is  better  for  form  work  than  either  very  green 
or  kiln-dried  lumber.  Kiln-dried  lumber  swells  and  crushes  or 
bulges  the  joints  when  wet  concrete  touches  it.  Very  green 
lumber,  on  the  other  hand,  does  not  swell  enough  to  close  the 
joints,  and  shrinks  if  not  kept  wet. 

Undressed  lumber  may  be  used  for  the  backs  of  walls,  for  work 
below  ground,  and  wherever  a  smooth  and  true  surface  is  unim- 
portant. Lumber  dressed  on  one  side  and  both  edges,  however, 
is  generally  preferred  by  contractors  even  for  rough  work,  because 
of  the  smaller  cost  of  removing  and  cleaning.  For  floor  and  wall 
forms  the  lumber  should  always  be  dressed  in  this  manner.  It  is 
still  better  to  use  limiber  dressed  on  all  four  sides  because  of  the 
convenience  in  handling,  working  up,  and  placing,  which  more 
than  offsets  the  extra  first  cost. 

The  joints  in  form  work  deserve  particular  attention.  Square 
or  butt  joints  are  generally  employed  in  forms  for  columns,  beams. 
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and  girders,  and,  to  make  the  joints  tight,  the  lumber  must  be 
dressed  true  to  edge.  In  floor  and  wall  forms  tight  joints  may  be 
obtained  by  using  either  tongue-and-grooved  stock  or  stock  cut 
with  one  edge  beveled  and  the  other  square.  Beveled-edge 
stuff  is  cheaper  than  tongue-and-grooved,  but  does  not  give  as 
satisfactory  results  when  employed  in  forms  which  are  to  be  used 
over  and  over  again.  Under  such  conditions  the  tongue-and- 
grooved  stock  holds  its  place  better  and  gives  smoother  surfaces. 
The  idea  of  beveling  is  to  prevent  buckling  since  the  edges  crush 
as  the  boards  swell. 

The  thickness  of  lumber  to  use  in  form  work  depends  on  the 
number  of  times  the  forms  are  to  be  used  and,  in  the  case  of  slab 
and  wall  forms,  on  whether  the  boards  are  to  be  built  into  panels 
or  nailed  to  their  supports  at  each  resetting.  Generally  speaking, 
1-in.  stock  (|-in.  dressed)  is  employed  for  floor  and  wall  sheathing 
and  for  the  sides  of  beams  and  girders;  1  to  l^-in.  stock  (l|-in. 
dressed)  for  columns;  and  2-in.  stock  (1|  or  If -in.  after  dressing) 
for  the  bottoms  of  beams  and  girders.  If  floor  and  wall  forms  are 
to  be  used  many  times  (say,  more  than  six  times),  especially  if 
the  lumber  is  very  soft  or  is  not  built  into  panels,  1-in.  stock  is 
too  thin  and  li  or  l^-in.  should  be  used  instead.  Also,  if  the 
beams  and  girders  are  narrow,  l^-in.  stuff  usually  gives  satis- 
factory results. 

The  heavier  sheathing  has  a  greater  salvage  value  on  the  com- 
pletion of  a  piece  of  work,  but,  if  the  forms  are  not  to  be  used  more 
than  five  or  six  times,  this  is  offset  by  the  fact  that  the  lighter 
stock  is  easier  to  patch,  not  so  expensive  to  handle,  and  is  cheaper 
in  first  cost.  .  Although  the  thicker  material  permits  a  greater 
spacing  of  the  studs  or  joists,  the  saving  here  is  not  great  since  the 
quantity  of  lumber  in  these  members  is  apt  to  be  governed  by  the 
strength  required  to  resist  either  the  construction  load  or  the 
pressure  of  wet  concrete. 

It  is  not  always  economical  to  use  old  lumber.  The  cost  of 
taking  apart  small  sections  of  forms  may  be  greater  than  the 
actual  cost  of  new  lumber,  and  the  expense  of  building  is  usually 
greater  and  less  satisfactory.  The  cost  of  making  over  old  forms 
under  ordinary  conditions  has  been  found  by  observation  to  be 
about  90  per  cent,  greater  than  making  up  thp  same  forms  from 
new  lumber. 

83.  Removal  of  Forms. — ^The  length  of  time  that  forms  should 
remain  in  place  depends  upon  three  factors:  (1)  the  weather; 
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(2)  the  character  of  the  members;  and  (3)  the  relation  of  the 
dead  to  the  live  load. 

As  is  well  known,  the  weather  greatly  affects  the  setting  and 
hardening  of  concrete.  The  warmer  the  weather,  the  more  rapid 
the  hardening.  Cold  weather,  on  the  other  hand,  retards  harden- 
ing and  thus  prevents  early  removal  of  forms.  If  concrete  freezes, 
it  will  not  begin  to  harden  until  it  has  thawed,  and  then  it  will 
acquire  strength  very  slowly. 

The  forms  for  members  subjected  to  bending  should  be  left  in 
place  longer  than  forms  for  columns  or  walls.  Vertical  members 
will  bear  their  own  weight  when  quite  green,  while  horizontal 
members,  such  as  floors,  must  harden  imtil  they  can  carry  the 
construction  load. 

The  greater  the  proportion  of  dead  to  live  load,  the  longer  the 
forms  should  remain.  For  example,  the  forms  for  an  overhanging 
cornice  should  remain  in  place  longer  than  the  forms  for  almost 
any  other  member,  since  the  dead  weight  is  a  very  large  percent- 
age of  the  total  weight  which  it  is  designed  to  carry.  By  a  similar 
reasoning,  long  span  beams  or  slabs  should  be  supported  a  longer 
time  than  short  ones;  roofs  longer  than  floors;  columns  in  the 
upper  stories  longer  than  columns  in  the  lower  stories;  and  col- 
umns in  general  longer  than  footings. 

Many  large  contractors  mold  a  cube  of  concrete  for  each  day's 
work  and  allow  it  to  set  out-of-doors  under  the  same  conditions  as 
the  construction  work.  When  it  is  desired  to  remove  the  forms,* 
•  these  blocks  are  crushed  in  a  testing  machine  in  order  to  determine 
whether  the  concrete  is  strong  enough  to  carry  the  construction 
load.  Good  judgment  should  be  exercised  even  under  such  con- 
ditions since  the  plan  does  not  provide  for  the  pK)ssibility  of  an 
occasional  poor  batch  of  concrete. 

Many  builders  have  definite  rules  for  the  removal  of  forms 
under  ordinary  conditions.  Such  rules,  of  course,  can  only  be 
roughly  approximate,  and  knowledge  and  judgment  are  necessary 
in  using  them.  As  a  guide  to  practice,  the  following  rules  are 
suggested  in  *' Concrete  Costs"  by  Taylor  and  Thompson: 

Walls  in  Mass  Work. — One  to  three  days,  or  until  the  concrete 
will  bear  pressure  of  the  thumb  without  indentation. 

Thin  Walls. — In  summer,  two  days;  in  cold  weather,  five  days. 

Columns. — In  summer,  two  days;  in  cold  weather,  four  days, 
provided  the  girders  are  shored  to  prevent  an  appreciable  weight 
reaching  the  columns. 
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Slabs  up  to  7 'ft.  Spans, — In  summer,  six  days;  in  cold  weather, 
two  weeks. 

Beams  and  Girder  Sides. — In  summer,  six  days;  in  cold 
weather,  two  weeks. 

Beam  and  Girder  BoU(mis  and  Long  Spavrslabs. — In  sum- 
mer, 10  days  or  two  weeks;  in  cold  weather,  three  weeks  to  one 
month.    Time  to  vary  with  the  conditions. 

Forms  should  be  so  designed  that  the  colunm  forms  may  be 
removed  without  in  any  way  disturbing  the  supports  of  the  beams 
and  girders.  A  defect  may  then  be  detected  and  remedied  before 
any  load  is  brought  to  bear  upon  the  column.  Under  ordinary 
conditions,  column  forms  are  taken  down  in  two  or  three  days 
after  pouring,  and  therefore  are  generally  ready  fpr  use  on  the 
floor  above,  even  if  the  rate  of  construction  is  as  rapid  as  a  story 
in  six  or  seven  days.  As  soon  as  the  concrete  of  the  slabs  is  hard 
enough  to  allow  the  removal  of  the  slab  forms,  the  beam  and  gir- 
der sides  are  also  taken  down,  leaving  the  beam  and  girder 
bottoms  with  their  props  in  place  for  some  time  longer.  Walls 
are  generally  built  independently  of  the  rest  of  the  building  and  a 
wall  form  may  be  removed  whenever  the  concrete  in  the  wall  is 
hard  enough  to  bear  its  own  weight. 

84.  Ntunber  of  Sets  of  Forms. — The  number  of  sets  of  forms 
required  in  the  construction  of  a  building  depends  upon  the  speed 
of  construction  desired,  the  shape  of  the  building,  and  the  weather. 
Under  good  conditions,  1^  sets  of  forms  will  allow  the  work  to 
progress  at  the  rate  of  a  story  in  a  week  or  10  days.  Some  con- 
tractors, however,  use  only  one  set  of  forms  in  a  building  no  matter 
how  high,  and  provide  additional  lumber  for  beam  and  girder 
bottoms  and  supports  which  must  be  left  in  place. 

In  a  building  of  small  floor  area,  two  sets  of  forms  may  be 
needed  to  permit  the  work  to  progress  rapidly  enough.  On  the 
other  hand,  forms  for  only  about  three-fourths  of  one  floor  may  be 
needed  if  the  floor  area  is  exceedingly  large.  In  the  case  of  low 
basements  or  heavy  columns,  the  basement  forms  cannot  always 
be  remade  economically  for  use  in  the  upper  stories  and  an  extra 
set  of  forms  will  be  required  under  these  conditions. 

86.  Examples  of  Form  Design. — ^To  get  a  general  idea  of  form 
construction,  Figs.  339  to  342  inclusive  should  be  carefully 
studied. 

Column  Forms, — Figs.  328  and  329  show  two  typical  forms  for 
rectangular  columns.    In  Fig.  328  the  two  sides  of  the  column  are 
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held  together,  as  shown,  by  bolts,  and  the  two  opposite  sides  by 
hard-wood  wedges  between  the  bolt  and  the  form.  In  Fig.  329 
wedging  strips  are  nailed  to  the  longer  cleats.  Wood  wedges 
serve  as  clamps  for  two  sides  of  the  column  and  iron  clamps  hold 
the  other  two  sides.  The  column  form  represented  in  Fig.  328  is 
also  shown  in  Figs.  330  and  379;  the  column  form  of  Fig.  329  is 
the  form  used  in  the  Kraus  Building,  Memphis,  Tenn.,  Fig. 
331.     Iron  clamps  were  employed  without  wedging  strips  in  the 


Fig.  328. 


Hollender  Company's  Warehouse,  Chicago,  111.,  Fig.  332. 
Notice,  however,  that  the  vertical  sheathing  is  of  necessity  con- 
nected by  thin  cleats  or  battens  into  panels  to  make  it  possible 
to  hold  it  in  place  by  the  form  of  clamp  used.  This  panel  con- 
struction makes  a  unit  which  is  more  convenient  to  handle,  but 
less  convenient  to  adapt  to  changes  in  size  of  column.  The 
salvage  value  of  the  lumber  is  also  reduced  by  the  nailing. 

The  corners  of  square  or  rectangular  columns  should  always  be 
chamfered  to  prevent  the  danger  of  breaking  off  these  corners 
when  removing  the  forms,  and  also  for  the  sake  of  appearance. 
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The  bevel  strips  should  be  nailed  on  to  two  opposite  sides  of  the 
column  forms  when  they  are  being  made  up. 

The  sides  of.  column  forms  are  usually  made  up  of  narrow  strips 
of  sheathing  in  order  to  facilitate  the  reduction  in  size  of  the 
columns  from  floor  to  floor.  This  is  not  true  of  exterior  or  wall 
columns  since  they  are  usually  of  the  same  width  from  basement 
to  roof,  and  change  but  little  in  thickness. 

Column  forms  should  always  be  constructed  with  an  opening  at 
the  bottom  in  order  that  the  reinforcement  may  be  adjusted  and 
sawdust  and  other  material  cleaned  out.     The  piece  of  board  or 
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Fig.  329. 


small  panel  cut  off  should  be  placed  against  the  column  form  so 
that  it  will  be  all  ready  to  put  back  in  place  before  the  concrete 
is  poured. 

A  typical  wall  colimm  detail  is  shown  in  Fig.  333  and  is  another 
type  of  column  form  design. 

A  design  for  an  octagonal  column  form  is  shown  in  Fig.  334. 
There  are  many  methods  of  making  forms  for  this  type  of  column, 
but  the  one  shown  is  used  to  a  considerable  extent.     Fig.  335 
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shows  a  method  of  constructing  an  octagonal  form  by  means  of 
chains  and  wedges. 
Beam  and  Girder  Forms, — Fig.  336  is  an  isometric  view  of  a 


CourUsy  of  Mr.  //.  F.  PorUr,  Mfg.  Editor  of  "Factory.'' 

Fig.  330.— Typical  form  work. 


typical  floor.     Notice  the  supporting  posts,  also  the  joist  hearer 
for  supporting  the  joists  under  the  slab  form. 

Figs.  337  and  338  show  two  methods  of  clamping  beam  forms 
together,  but  sometimes  nailing  is  resorted  to  as  shown  in  Figs. 
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Courtesy  of  Ferroconcrete  Conttruclion  Co. 

Fio.  331. — Kraus  building,  Memphis,  Tenn. 


CourUty  of  Univertal  Portland  Cement  Co. 

Fio.  332. — Hollender  Company's  warehouse,  Chicago,  111. 
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Fig.  333. 
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Fig.  334. 
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Courtety  of  Universal  Portland  Cement  Co. 

FiQ.  335. — Octagonal  column  form,  Rogers  &  Hall  building,  Chicago, 

lU. 
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339,  340,  341,  and  342.     The  use  of  separate  blocks  instead  of  a 
joist  bearer  should  also  be  noted. 

Typical  girder  form  construction  is  shown  in  Fig.  343.     When 
the  beams  intersecting  the  girder  are  about  the  same  depth  as  the 


.JihST  he(7n^r 


Fig.  336. 


Jo/s^  de&r''^ 


Oe^rfs 


Fig.  337. 


girder,  the  beam  pockets  should  either  be  cut  after  the  forms  are 
in  place  or  the  sides  should  be  made  in  sections  between  beams. 
The  first  method  seems  preferable. 
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A  common  method  of  bracing  the  outer  side  of  a  wall  girder  is 
shown  in  Fig.  344.  Another  method  of  bracing  by  means  of  a 
cantilever  brace  is  shown  in  Fig.  330.  Note  the  chw-acter  of  the 
lintel  post  which  is  shown  again  in  Fig.  345.  A  method  of  hamxch 
design  is  shown  in  Fig.  346. 


/rvr7  c/amps 


Fig.  338. 


Gomiesy  of  Turner  Construction  Co. 

Fig.  339. — G.  B.  Seeley  Son's  factory,  15th  Street,  New  York  City. 
Note  floor  and  girder  forms  and  2-in.  by  6-in.  joists. 


Slab  Forms. — Two  types  of  slab  forms  need  to  be  considered* 
for  ordinary  construction  where  beams  and  girders  are  employed: 
(1)  sheathing  made  up  into  panels  with  thin  cleats  (the 
of  form  construction  so  far  treated),  and  (2)  slab  fc 
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V^ 

-^  vAiJJ'-  ;ii>''l 

1  ^.<^    .                --^1 

Courtesy  of  Universal  Portland  Cement  Co. 

Fig.  340. — Successful  Farming  Publishing  Co.*s  building, 
Des  Moines,  Iowa. 


Courtesy  of  Unirersal  Portland  Cement  Co, 

Fig.  341. — Successful  Farming  Publishing  Co.'s  building, 
Dos  Moines,  Iowa. 


FORMS 


497 


into  box  shape  comprising  the  joists  and  the  sides  of  the  beams 
and  girders. 


Courtesy  of  Univtrtal  Portiand  Cement  Co. 

Fig.  342. — Successful  Farming  Publishing  Co.'s  building, 
Des  Moines,  Iowa. 


Fig.  343. 


In  general,  slab  forms  are  usually  made  in  two,  three,  or  four 
sections  depending  upon  the  dimensions  and  shape  of  the  panel. 
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OneH9ection  forms  bind  at  the  sides  and  ends  after  having  been 
wet  by  the  concrete  and,  unless  the  beam  and  girder  sides  are 
flared  and  a  type  of  form  used  such  as  is  shown  in  Fig.  45,  it 
is  a  difficult  matter  to  pry  the  forms  loose  after  the  concrete  has 


/^  4'^ Brace 


Z%/0^  Pfank 


lecf^er 


hardened.     Four  sections,  with  the  joints  at  right  angles,  is  the 
best  method  for  easy  removal. 

In  the  usual  type  of  construction,  designated  above  as  type  1, 
the  beam  and  girder  forms  are  put  together  on  horses  on  the  floor 
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below  and  are  then  raised  to  place  as  one  member.  The  joists 
are  then  put  in  position  and  the  slab  panels  are  placed  on  top  of 
them  without  nailing.  Where  necessary,  the  slab  panels  are 
cut  out  at  the  corners  for  the  columns.     When  the  forms  are  to  be 
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used  but  once,  the  slab  sheathing  is  not  made  up  in  advance  into 
panels,  but  is  lightly  nailed  to  the  joists  after  they  are  in  place. 

Fig.  347  shows  one  method  of  making  up  slab  forms  into  box 
shapes.     In  this  design  the  entire  sides  of  the  beam  and  all  but 


Fig.  346. 

the  bottom  board  of  the  girder  sides  are  included  in  the  slab 
forms.  Metal  strips  are  used  to  cover  the  joints  between  the 
sections.    The  size  of  a  section  is  governed  to  some  extent  by  the 


^^  strip 


M^am  fbrfn 


Fig.  347. 


weight,  since  a  form  unit  should  be  such  that  four  men  can  readily 
handle  it. 

The  form  construction  used  at  The  University  of  Wisconsin 
(Art.  17)  is  shown  in  Fig.  348.     Planks  extend  in  two  directions 

37 
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supporting  the  cells.    The  steel  and  continuous  stirrups  are  set 
in  place  for  demonstration  only. 

A  collapsible  core  box  is  used  by  at  least  one  prominent  builder 
(Fig.  349).     A  plank  resting  on  cleats  on  the  sides  of  the  cores 


Courtesy  of  Mr.  Arthur  Peabody,  Supervising  Architect,  The  University  of  Wisconsin. 

Fig.  348. — Box  forms  used  at  The  University  of  Wisconsin. 

forms  the  bottom  of  the  beam  mold.  The  main  girders  are 
molded  in  similar  spaces  between  the  ends  of  the  cores  in  one  panel 
and  those  in  the  next  panel.  The  molds  are  made  in  two  equal 
parts  with  a  hinged  joint  through  the  longitudinal  center  line  of 


Fig.  349. 


the  upper  surface  and  are  held  open  by  transverse  struts  between 
the  lower  edges.  When  the  forms  are  to  be  removed,  the  trans- 
verse struts  are  knocked  out  and  the  boxes  are  collapsed.  The 
use  of  these  molds  presupposes  a  standardized  layout. 


FORMS 


501 


Fia.  350. 


Corrc/aatecf 
iron   No.  20 


F/ange  Joint 


Plan 


>/^^^i 


.."2q  X  4    yvooa  Torm 


to  A/d.  /8  sheet  /ron 


I  3^  /• 

I  ^''/s    fVoocf  Tvrm 


Section  A-B 
Fig.  351. 


502      REINFORCED  CONCRETE  CONSTRUCTION 

Forms  for  flat-slab  floors  are  much  simpler  than  for  the  ordinary 
beam  and  girder  construction.  Although  enlargement  of  the 
column  heads  in  such  construction  considerably  increases  the 
cost  of  the  column  forms,  this  is  generally  more  than  offset  by 
the  saving  in  the  forms  for  the  slab.  A  typical  design  of  forms 
for  flat-slab  floors  is  shown  in  Fig.  350.  The  posts  support  string- 
ers in  one  direction,  upon  which  are  joists  to  take  the  panel  sec- 
tions. Corrugated  iron  has  been  used  to  a  considerable  extent 
for  sheathing  where  the  ceiling  surface  does  not  need  to  be  ab- 
solutely smooth  (Figs.  112,  159,  and  373).  Plain  sheet  steel  is 
not  suitable  for  this  purpose  since  it  tends  to  warp  and  dent  in 
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Fig.  352. 


handling.  Corrugated  metal  holds  its  shape  better  and  can  be 
straightened  after  each  removal  by  running  it  through  rolls. 

There  are  many  other  types  of  floor  forms  but  those  described 
above  illustrate  the  main  features  in  floor-form  design. 

Column  Heads. — The  problem  of  the  column  head  in  flat-slab 
construction  has  been  met  practically  from  the  first  by  the  use  of 
metal  in  some  form.  The  metal  mold  used  by  the  Aberthaw 
Construction  Co.  in  the  Massachusetts  Cotton  Mills  at  Lowell, 
Mass.,  is  shown  in  Fig.  351.  Note  that  the  head  is  very  simple, 
a  square  where  it  leaves  the  column,  with  flaring  beveled  comers, 
which  finally  form  an  octagon  at  the  ceiling  level.  A  similar 
column  head  is  shown  in  Fig.  228. 

Fig.  352  shows  a  type  of  column-head  form  used  in  construct- 
ing the  Larkin  warehouse  at  Chicago,  111.     The  columns  them- 
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selves  were  molded  by  steel  forms  and  these  forms  were  placed 
after  the  erection  of  the  floor  falsework.  The  column-cap  section 
was  suspended  from  the  floor  forms  and  the  remaining  column 
sections  bolted  to  it.  A  suspended  column-cap  section  is  shown 
*in  Fig.  353.     Fig.  354  shows  such  a  form  in  place. 


Courtesy  of  Universal  Portland  Cement  Co, 

Fig.  353.— The  Franks  building,  Chicago,  111. 

Wall  Forms, — Fig.  355  shows  a  common  type  of  form  construc- 
tion for  curtain  walls,  and  Fig.  356  shows  a  similar  construction 
for  curtain  walls  below  windows.  Curtain  walls  under  construc- 
tion may  be  seen  in  Fig.  357.  Fig.  358  illustrates  the  form  con- 
struction for  a  heavy  wall  where  the  ties  consist  of  wire  twisted 
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to  hold  the  sides  of  the  fonns  in  place.  A  simple  form  of  con- 
struction for  a  low  foundation  wall,  such  as  is  employed  for  rea- 
denceSy  is  shown  in  Fig.  359.  Fig.  360  illustrates  a  common 
method  of  building  a  wall  of  considerable  height  by  means  of 
movable  forms.    As  soon  as  one  section  of  a  wall  is  completed, 


Courtesy  of  Universal  Portland  Cement  Co. 

Fig.  354. — Flaring  column  heads.     Hollender  Company's  warehouse, 

Chicago,  111. 

the  bolts  were  loosened,  and  the  slotted  clamp  allows  the  form 
to  be  moved  upward. 

Cornice  Fonns, — A  typical  form  construction  for  a  concrete 
cornice  is  shown  in  Fig.  361.  The  construction  view  in  Fig.  362 
should  also  be  noted. 
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Block 


FiQ.  355. 


Courtesy  of  Densmore  A  LeClear. 

Fig.  357. — Construction  view.     Shoe  factory  for  Albert  M.  Lyon,  Roxbury, 

Mass. 
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82.  Design  of  Forms. — Although  form  design  in  most  cases 
has  been  left  entirely  to  the  discretion  of  the  superintendent  or 
foreman  on  the  job,  it  has  been  found  by  a  number  of  engineering 
contractors  that  it  pays  on  large  or  important  work  to  have  the 
forms  designed  in  the  drafting  room,  provided  such  designing 
work  is  done  under  the  direction  of  a  man  of  practical  ability. 
This  plan  is  not  only  more  economical,  but  also  eliminates  the 
possibility  of  a  superintendent  making  an  error  in  judgment 


Courtesy  of  Turner  Construction  Co. 

Fig.  362. — Sugar  and  coffee  warehouse,  Brooklyn,  N.  Y.,  Arbuckle 
Brothers,  300  lb.  floor  load.  Construction  view  showing  the  form  work 
for  heavy  cornice. 

(which  may  be  serious)  in  a  place  where  computation  of  strength 
is  the  only  means  of  determining  the  proper  spacing  of  supports. 
If  form  drawings  are  made,  the  lumber  may  then  be  ordered 
direct  from  the  mill  to  exact  widths  and  even-foot  lengths,  and, 
in  cases  where  forms  are  of  fairly  uniform  sizes,  it  is  possible  and 
sometimes  of  great  advantage  to  order  the  lumber  to  the  exact 
lengths  and  widths  required. 
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The  thickness  of  sheathing  to  use  in  diflFerent  parts  of  the  wo  A, 
and  many  other  such  details  of  form  design,  depend  almost 
entirely  upon  judgment  and  experience;  but,  on  the  other  hand, 
the  size  and  spacing  of  supports  for  such  sheathing  in  slab, 
column,  and  wall  forms  and  the  spacing  of  posts  for  beams  and 
girders  are  capable  of  being  determined  by  scientific  calculation 
and  such  practice  results  in  the  use  of  a  minimum  quantity  of 
lumber  consistent  with  the  deformation  allowed.  In  sheathing, 
joists,  studs,  and  column  clamps,  the  stress  due  to  bending 
should  not  be  greater  than  the  allowable  with  a  maximum  de- 
flection of  i  in.  In  no  case,  however,  should  the  spacing  of  the 
supports  be  greater  than  a  safe  span  for  the  sheathing.  Deflection 
should  always  be  considered  in  order  to  give  suflBcient  stiffness 
to  prevent  partial  rupture  of  the  concrete  and  to  prevent  sagging 
beams. 

In  calculating  floor  forms,  we  must  add  to  the  weight  of  the 
concrete  itself  a  live  load  which  may  be  assumed  as  liable  to  come 
upon  the  concrete  while  it  is  setting.  This  live  load  is  generally 
taken  at  75  lb.  per  square  foot  except  in  cases  where  the  floor  is 
made  a  storage  for  cement  or  sand. 

The  pressure  of  concrete  against  forms  depends  principally 
upon  the  rate  of  setting,  the  rate  of  filling,  and  the  temperature. 
The  following  table  is  from  tests  made  by  Major  Francis  R. 
Skunk,  U.  S.  A.: 

PRESSURE  OF  CONCRETE  ON  FORMS 
(Pounds  per  Square  Foot) 


Rate  of  filling 

vertical  feet 

per  hour 


Temperature 
80**  70<*  60°  50°         '  40° 


2  530  560  600  680  790 

3  690  720  810  I  920  1080 

4  820  870  980  1130  1340 

5  930  990  1120  '    1310  1570 

6  1020  1090  ,    1250  ,    1480  1780 

7  1090  1170  '    1350  1620  1970 

8  I    1 130    I    1240  1440  !    1740    


Sheathing  and  supports  for  the  same  may  be  figured  for  bending 
by  the  formula  -M'  =  %^  unless  it  is  quite  clear  that  simply-sup- 
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ported  action  exists.     Mr.  Sanford  E.  Thompson  recommends 

3 

that  the  deflection  of  forms  be  computed  by  the  formula  D  =  «o7 

^j '    This  formula  is  the  ordinary  one  for  calculating  deflection 

except   that  the  coeflBcient  is  taken  as  an  approximate  mean 

1  5 

between  gg.  for  a  beam  with  fixed  ends  and  kqi  for  a  beam  with 

ends  simply  supported.    For  lumber  conmionly  used  in  form  con- 
struction E  may  be  assumed  at  1,300,000. 

The  following  is  taken  from  the  Engineering  Record,  issue  of 
September  7,  1912  and  shows  the  method  of  systematizing  form 
work  practiced  by  the  Aberthaw  Construction  Company  of 
Boston: 

"In  the  construction  of  the  forms  for  building  the  lO-story  warehouse 
of  the  Larkin  Company,  Buffalo,  N.  Y.,  the  Aberthaw  Construction 
Company  of  Boston  employed  methods  which  are  worth  notice.  It 
was  found  that  it  paid  to  use  considerable  refinement  in  the  drafting 
of  forms  in  the  offices  and  to  sjrstematize  the  receiving  of  lumber  and 
disposing  of  forms  from  the  saw  mills  at  the  job.  The  form  lumber 
was  detailed  at  the  Boston  office  just  as  steel  would  have  been,  the 
policy  of  this  company  being  to  pay  thinking  men  to  think  and  to 
pay  carpenters  to  saw  boards.  In  order  to  understand  that  which 
follows  it  should  be  noted  that  the  Larkin  building  is  580  ft.  long  by 
109  ft.  wide,  the  floor  space  being  over  14  acres,  bounded  by  Van 
Rensselaer,  Carrol,  Exchange  and  Hydraulic  Streets. 

"At  the  home  offices  of  the  Aberthaw  Construction  Company  a 
location  plan  of  all  beams  was  drawn,  in  which  similar  beams  were 
given  identical  numbers,  irrespective  of  location  in  the  building  itself. 
From  this  location  plan,  form  drawings  in  detail  were  made,  a  detail 
drawing  being  required  for  each  different  sized  form,  both  for  sides  and 
bottoms  of  beams.  All  different  varieties  of  column  forms  were  also 
detailed. 

"In  the  system  of  lettering  used  on  the  Larkin  job  the  Aberthaw 
Company  suffixed  letters  to  the  beam  numbers  to  show  the  exact 
location  of  each  form  in  the  building.  As  stated  above,  the  building 
proper  is  boimded  by  four  streets,  and  any  form  of  a  certain  beam 
facing  one  of  these  streets  had  in  its  symbol  the  cpapital  letter  which 
stood  for  the  name  of  the  street.  For  instance,  a  form  Jor  beam  No. 
22  might  be  marked  BSV22,  meaning  beam  side,  Van  Rensselaer 
being  the  name  of  the  street,  and  22  the  number  of  the  beam  itself. 
The  bottom  form  for  this  same  beam  would  be  designated  BBV22. 

"In  regard  to  the  colimm  forms,  an  additional  nimiber  had  to  be 
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added  to  the  symbol,  as  there  is  a  variation  in  the  height  of  floors. 
The  figure  1  prefixed  to  the  ordinary  column  symbol  indicated  that  the 
particular  form  was  for  the  first  story.  In  a  like  manner  the  figure  2 
showed  that  the  column  form  was  for  the  second  story.  To  illustrate, 
a  column  form  with  symbols  2CSV25  meant  second-story  form 
column  side  Van  Rensselaer  street,  while  25  was  the  number  of  the 
column  proper  as  designated  by  the  original  location  plan. 

''As  the  height  of  stories  varied,  form  details  were  designed  complete 
for  two  stories,  and  to  each  form  detail  was  given  a  symbol  to  be  sten 
ciled  on  this  form  when  made  up,  together  with  the  number  or  quantity 
required  in  the  first  two  stories  of  the  job.  On  this  same  form  detail 
the  width  of  the  form  was  divided  into  the  exact  number  of  boards 
which  were  to  make  up  this  total  width  of  the  dimensions  written  on 
the  drawing.  Therefore,  having  given  the  exact  length  of  form  and 
the  width  of  the  different  boards  going  to  make  up  this  form  and 
the  total  number  of  forms  required  for  the  job,  it  is  readily  seen  how 
the  sum  total  of  all  boards  was  easily  obtained. 

''Aside  from  these  form  details  it  was  necessary  to  draw  plans  showing 
assembling  of  forms,  the  chief  object  of  this  being  to  show  spacing 
of  posts  and  jacks,  amount  of  bracing  and  location.  From  this 
assembly  plan,  together  with  the  layout  plan  of  the  building,  the 
exact  number  ot  pieces  and  size  of  lumber  constituting  the  centering 
could  be  scheduled.  On  this  completed  schedule  bids  were  obtained 
from  various  lumber  dealers  before  ordering. 

"Inasmuch  as  the  total  number  of  board  feet  of  lumber  was  nearly 
1,000,000,  it  was  necessary  to  adopt  some  systematic  plan  of  piling 
and  laying  out  the  lumber.  The  chief  attention  was  given  to  the  dressed 
stock  going  to  make  up  the  forms  proper  since  this  stock  was  taken 
to  and  from  the  mill  to  the  benches.  It  was  necessary  so  to  pile  it 
that  when  a  laborer  wished  a  certain  number  ot  boards  of  a  certain 
size  he  could  find  them  quickly.  A  plan  was  therefore  drawn  showing 
the  lumber  layout  and  the  relative  location  of  different  piles  of  lumber 
according  to  widths  and  lengths.  Signs  were  placed  in  front  of  each 
individual  pile  stating  the  dimensions. 

"On  this  job  the  Aberthaw  Company  foimd  it  was  convenient  and 
economical  to  build  two  mills  since  90  per  cent  of  the  dressed  stock, 
had  to  be  cut  to  exact  length.  Both  mills  had  practically  identical 
equipment  except  for  layout.  The  most  used  piece  of  machinery  in 
both  mills  was  the  cutoff  saw,  on  either  side  of  which  was  a  table  where 
the  stock  to  be  cut  was  placed.  In  addition  to  the  cutoff  saw  each 
mill  was  equipped  with  a  rip  saw,  boring  machine,  planer,  and  emery 
wheel. 

"A  clear  understanding  of  the  methods  employed  to  make  up  a 
complete  form  from  the  blueprint,  as  received  from  the  Aberthaw 
Company^s  Boston  office,  may  be  obtained  by  following  in  detail  a 
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Fig.  363. — Typical  material  sheet  for  standardizing  form  work. 
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single  operation.  The  accompan3ring  drawing  (Fig.  363)  is  a  t3rpical 
one,  showing  form  details  and  lumber  schedules.  The  form  details, 
as  previously  mentioned,  stated  exactly  the  boards  which  would  con- 
stitute a  particular  form  and  the  number  of  forms  required.  Cards 
were  made  out  at  the  route  clerk's  office  informing  the  labor  foreman 
of  the  number  of  pieces  of  stock  and  sizes  to  be  taken  to  one  of  the 
mills.  The  mill  man  in  turn  received  orders  from  the  route  clerk  stating 
the  length  to  cut  off  the  stock  and,  if  ripping  was  required,  to  what 
width  to  rip.  It  was  the  duty  of  the  labor  foreman  to  tag  this  stock 
according  to  the  number  indicated  on  his  order  card.  When  all  the 
stock  required  for  a  certain  form  had  been  cut  and  delivered  to  the 
proper  bench,  orders  were  issued  by  the  route  clerk  to  the  carpenters 
to  make  the  number  of  forms  required  as  indicated  on  the  blue-print. 

*'In  order  that  the  forms  should  be  made  up  in  time  to  erect  as  planned 
by  the  office,  eight  benches  were  used  with  two  carpenters  at  each  bench. 
The  carpenter  having  been  given  his  orders  by  the  route  clerk  telling 
him  what  lumber  would  be  tagged  to  make  up  a  certain  specific  form  and 
having  been  given  blueprint  of  the  same  form,  he  merely  laid  his  stock 
on  the  bench  and  nailed  it  together.  When  the  forms  were  completed 
a  laborer  oiled  them  and  stenciled  the  form  symbols  on  them.  If  not 
required  immediately  the  forms  were  piled  back  of  the  bench  where  they 
were  made.  Since  it  was  previously  determined  at  which  point  of  the 
building  the  erection  was  to  be  started,  a  clerk  was  given  the  duty  of 
listing  forms  as  required  for  erection  and  seeing  that  labor  foreman  re- 
ceived orders  to  have  these  forms  delivered  where  and  when  required. 

"According  to  Mr.  Leonard  C.  Wason,  president  of  the  Aberthaw 
Construction  Company,  the  labor  cost  on  such  work  has  been  reduced 
20  per  cent,  in  the  last  three  years  as  the  result  of  detailing  the  forms  in 
the  drafting  room  and  a  careful  study  of  the  method  of  routing.'' 

87.  Steel  Forms. — The  application  of  steel  forms  to  building 
construction  is  advancing  at  an  exceedingly  rapid  rate  at  the 
present  time.  Steel  forms  are  almost  universally  employed  for 
circular  columns  and  for  flaring  column  heads.  Wall  forms  are 
also  much  used  and  have  given  satisfaction  especially  in  resi- 
dences and  other  structures  of  the  foundation-wall  type. 

Several  types  of  floor  forms  are  on  the  market  but,  as  yet,  have 
not  been  employed  to  any  considerable  extent.  The  same  is  true 
of  forms  for  rectangular  and  octagonal  columns. 

The  adjustment  in  height  of  steel  forms  for  circular  colmnns 
is  obtained  by  telescoping  the  ends.  Such  forms  are  usually 
made  up  of  a  series  of  panels  of  thin  galvanized  steel  held  rigidly 
in  place,  like  staves  in  a  barrel,  by  means  of  stiff  steel  bands. 
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The  panek  are  somewhat  flexible  and  are  sprung  in  or  out  depend- 
ing upon  the  size  of  the  column. 

Steel  forms  are,  of  course,  more  expensive  than  wood  in  first 
cost  but,  if  layouts  are  standardized  so  that  the  forms  may  be  used 
a  great  many  times,  the  steel  becomes  more  economical  than  the 
wood  if  given  proper  attention.  Thus  one  difficulty  in  using  steel 
forms  is  due  to  the  variation  in  design  of  the  structural  members. 
Another  is  that  where  steel  sections  are  lapped,  joints  are  apt  to 
show  badly  in  the  finished  concrete.  Much  attention,  however, 
will  be  given  to  steel  forms  in  the  near  future  because  of  the 
increasing  cost  of  timber. 

88.  Construction  Notes. — ^AU  joints  that  are  to  be  taken  apart 
should  have  as  few  nails  as  possible.  The  use  of  clamps  and 
wedges  instead  of  nails  is  sound  economy. 

No  attempt  should  be  made  to  get  cabinet  work  in  form  con- 
struction, but  inaccuracies  in  form  measurements  should  be 
guarded  against. 

The  exact  locations  for  colimins  should  be  laid  out  in  a  system- 
atic manner,  using  the  transit  where  necessary.  The  column 
forms  should  then  be  set  true,  and  plumbed  with  an  engineer's 
level.  The  beam  forms  usually  rest  on  the  coliunn  sides  and  the 
beam  and  girder  bottoms  should  be  made  with  a  slight  play  so 
that  swelling  will  not  bind  the  beveled  ends. 

Concrete  will  produce  an  upward  pressure  when  it  is  poured 
under  horizontal  or  inclined  forms  (such  as  in  footings)  and  such 
forms  should  be  anchored  to  prevent  their  lifting. 

One  method  of  erecting  column  forms  is  to  nail  three  of  the 
sides  together  before  setting  in  place,  and  the  fourth  side  after- 
ward. This  enables  the  column  reinforcement  to  be  put  in  place 
before  the  form  is  set.  Another  method  in  common  use  is  to  put 
the  four  sides  together  before  raising,  in  which  case  the  form  must 
be  raised  above  the  projecting  reinforcement  (belonging  to  the 
story  below)  and  then  lowered.  Under  ordinary  conditions  th,e 
first  method  seems  preferable. 

Whenever  the  widths  of  beams  or  girders  change,  it  is  con- 
venient to  place  a  strip  of  zinc  over  the  crack  that  is  formed  in 
the  slab  sheathing.  If  the  space  is  too  wide,  a  strip  of  wood 
must  be  used. 

Forms  should  usually  be  oiled  before  they  are  set  in  place,  in 
order  to  prevent  the  concrete  sticking  to  them  and  to  preserve 
them  against  damage  by  alternate  wetting  and  drying.    Crude 


514      REINFORCED  CONCRETE  CONSTRUCTION 

oil,  which  is  a  petroleum  product,  is  one  of  the  best  coatings,  as  it 
soaks  into  the  wood  and  does  not  make  the  forms  too  greasy  to 
handle.  If  the  surface  is  to  be  plastered,  the  forms  should  not 
be  oiled  but  should  be  thoroughly  soaked  with  water  just  before 
concreting.  Water  should  be  used  freely  even  when  forms  are 
oiled.  Forms  which  are  to  be  used  again  should  always  be  cleaned 
as  soon  as  they  are  taken  down.  If  concrete  sticks  once,  it  is 
difficult  to  prevent  it  from  sticking  in  the  same  place  when  the 
forms  are  used  again. 

It  is  advisable  to  raise  beam  and  girder  forms  slightly  higher  in 
the  center  than  at  the  ends  in  order  to  prevent  sagging  of  the 


S/oc/r  m'th  s/ot 
■for  bo/t 


Fig.  364. 

beam  due  to  deflection  and  to  other  reasons,  such  as  adjustment 
of  wedges  and  compressing  of  the  supports.  A  rough  rule  is  to 
assiune  a  deflection  of  the  forms  equal  to  \  in.  in  every  10  ft.  of 
length. 

Column  forms  may  be  held  in  position  by  braces  nailed  to 
adjustable  blocks  bolted  through  the  concrete  slab,  the  bolt  being 
set  in  place  when  the  slab  is  poured.  An  adjustable  block  of  this 
nature  is  shown  in  Fig.  364  and  the  way  in  which  such  blocks  are 
used  is  clearly  illustrated  in  Figs.  342  and  357. 

Posts  under  beams  and  girders  are  usually  put  in  place  and 
wedged  up  without  any  lateral  bracing  whatever. 

The  sides  of  beam  and  girder  forms  should  lap  down  over  the 
edges  of  the  bottom  plank  to  permit  their  easy  removal  in  advance 
of  the  bottom. 

In  removing  forms  the  green  concrete  must  not  be  disturbed  by 
prying  against  it. 

Problems 

30.  Determine  the  maximum  spacing  of  2X6>in.  joists  which  are  to  span 
8  ft.  and  to  support  a  6-in.  slab  with  a  construction  live  load  of  75  lb. 
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per  square  foot.     Use  M  =  -v.-  and  assume  the  maximum  allowable 

fiber  stress  in  the  joists  and  1-in.  sheathing  at  1200  lb.  per  square  inch, 
with  deflection  in  each  case  limited  to  i  in. 

31.  A  wall  form  is  filled  at  the  rate  of  5  vertical  feet  per  hour.  What  is 
the  required  spacing  of  studs,  assuming  l^-in.  sheathing  and  a  tem- 
perature of  70°?    Use  same  M  and  same  unit  stresses  as  in  Problem  30. 

32.  Find  the  maximum  spacing  of  4X4-in.  posts  to  support  the  forms  for 
10X28-in.  beams  7  ft.  center  to  center  with  a  5J-in.  slab.  Use  460  lb. 
per  square  inch  as  the  allowable  stress  in  the  posts  and  assume  a  con- 
struction load  of  75  lb.  per  square  foot. 

33.  Determine  the  maximum  spacing  of  joists  and  stringers  supporting 
forms  for  an  8-in.  flat  slab  floor  with  a  construction  live  load  of  75  lb. 
per  square  foot.     Assume  1  Hn*  sheathing  and  2  X 8-in.  joists,  and  assume 

the  sheathing  as  fully  continuous — that  is,  use  the  f ormula  Af  =  ^r^  * 

wl* 
Use  the  formula  M  =  ^  for  the  joists,  and  assume  a  maximum  allow- 
able fiber  stress  in  both  joists  and  sheathing  of  1200  lb.  per  square  inch. 
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CHAPTER  XX 
BENDING  AND  PLACING  OF  REINFORCEMENT 

89.  Checking,  Assorting  and  Storing  Steel. — Steel  should  be 
checked,  assorted,  and  stored  as  soon  as  it  is  delivered  at  the  site. 
It  should  be  blocked  up  several  inches  from  the  ground,  and 
should  be  stored  in  such  a  manner  that  those  rods  needed  first 
may  be  easily  reached.  A  steel  storage  is  shown  in  the  foreground 
of  Fig.  365  with  a  bench  for  bending  the  reinforcement. 

90.  Bending  of  Reinforcement. — Such  a  simple  matter  as 
bending  of  rods  for  concrete  reinforcement  might  seem  to  be 
almost  too  unimportant  a  subject  to  be  worthy  of  very  much 
attention.  However,  when  it  comes  to  the  proposition  of  making 
thousands  of  bends  per  day,  factors  of  time  and  expense  in  this 
work  are  most  important.  Of  course,  the  structural  design 
should  be  such  as  to  require  the  steel  bends  to  be  as  few  in  num- 
ber and  kind  as  possible,  but  much  can  be  done  to  lessen  expense 
by  the  manner  of  making  these  bends.  In  addition  to  econom- 
ical considerations,  care  should  be  taken  to  see  that  the  bends  are 
made  true  to  line  and  plane,  and  that  the  steel  is  not  injured 
during  the  operation. 

In  general,  there  are  three  different  types  of  bends  to  be  made 
with  reinforcing  rods  which  may  be  indicated  as  follows:  (1) 
bending  of  heavy  beam  and  girder  rods,  (2)  bending  of  stirrups 
and  column  hoops,  and  (3)  bending  of  slab  reinforcement.  In 
making  each  type  of  bend,  the  work  should  always  be  so  ar- 
ranged that  all  rods  of  the  same  size  and  shape  are  bent  at  the 
same  time.     This  avoids  remeasuring  and  resetting  of  templets. 

A  simple  method  of  bending  heavy  rods  is  shown  in  Fig.  366. 
Either  steel  bars  or  steel  plugs  5  or  6  in.  long  are  placed  in  holes 
in  the  bending  table,  these  holes  being  bored  at  the  points  where 
the  bends  are  to  be  made.  A  piece  of  plank  is  nailed  to  the  table, 
as  shown,  in  order  to  hold  the  rod  in  place  while  being  bent. 
The  rod  is  then  placed  in  the  position  GH  and  bent  around  the 
plugs  C  and  D,  and  then  around  the  plugs  B  and  E  until  the  ends 
AB  and  EF  are  parallel  to  GH. 
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The  manner  in  which  rods  are  to  be  bent  is  generally  left  to 
the  discretion  of  the  steel  foreman.  The  general  practice  is  to 
bend  beam  and  girder  reinforcement  by  using  a  heavy  pipe 
slipped  on  the  rod  and  then  making  the  bends  as  described, 
using  either  steel  plugs  or  angles  bolted  to  the  table. 

In  building  two  large  reinforced-concrete  buildings  for  the 
General  Electric  Co.  at  Schenectady,  N.  Y.,  the  Stone  &  Webster 

C/eats  on  uncfersicfe  *,. 


FiQ.  366. 

Engineering  Corporation  of  Boston  accomplished  the  bending 
of  the  heavy  rods  by  means  of  two  |-in.  steel  plates  mounted  one 
on  top  of  the  other  on  a  bending  table,  and,  in  these,  holes  were 
drilled  3  in.  on  centers  in  both  directions.  Steel  pegs  were  dropped 
in  the  holes  the  proper  distance  and  angle  apart,  and  the  rods 
were  then  bent  by  hand  using  a  2-in.  steam  pipe. 
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Fig.  367. 


Several  hand  and  power  devices  are  on  the  market  for  the  bend- 
ing of  steel  reinforcement.  These  all  have  their  merits  and  have 
given  satisfaction. 

Bending  should  be  done  in  such  a  manner  that  the  rods  will 
not  break  or  crack  at  the  bend;  that  is,  the  bends  should  not  be 
too  sharp  and  the  bending  force  should  be  applied  gradually  and 
not  with  a  jerk.  Reinforcing  rods  should  also  be  bent  cold  ex- 
cept for  the  unusual  sizes  of  li  in.  and  upward,  when  heatjmay 
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be  required.  Wanning  up  to  a  low  cherry  red  should  under  all 
circumstances  be  the  highest  heat  permitted.  Rods  to  be  bent 
are  generally  not  larger  than  li  in.  and  most  hand  bending 
machines  on  the  market  do  not  claim  to  bend  rods  of  any 
greater  diameter. 

Some  simple  bending  apparatus  is  usually  arranged  for  bending 
column  hoops  and  beam  stirrups  of  the  ordinary  type.     Some 
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Fig.  368. 


steel  men,  however,  bend  their  stirrups  in  practically  the  same 
manner  as  the  heavier  rods. 

Slab  reinforcement  is  usually  bent  after  it  is  in  place  on  the 
floor.  A  tool  for  this  purpose  is  shown  in  Fig.  367.  Sometimes, 
however,  slab  rods  are  bent  on  a  bending  table  by  means  of  a 
specially-designed  rod  bender.  This  latter  method  seems  pref- 
erable since  the  bends  can  be  more  accurately 
made.  To  keep  the  cost  of  such  bending  as 
low  as  possible,  the  machine  should  be  con- 
structed so  that  the  bends  may  be  made 
with  great  rapidity.  Such  a  machine  is 
shown  in  Fig.  368  and  was  employed  on 
the  General  Electric  Go's,  buildings  referred 
to  above. 

This  machine  consists  of  two  units  which  can  be  placed  any 
distance  apart  and  securely  bolted  down  to  a  table.  Each  part 
consists  of  a  steel  plate  on  which  is  mounted  two  smaller  plates 
having  angle  stops  attached.  Between  the  stops  is  located  a 
casting,  which  is  pivoted  so  that  it  can  readily  take  any  desired 
position  between  the  angle  stops.  With  the  steel  rod  in  position, 
this  casting  can  be  turned  by  means  of  a  long  lever  attached  so 
as  to  move  one  of  the  mounted  plates.  On  the  upper  side  of  the 
casting  are  four  lugs,  and  two  of  these  lugs  are  constructed  so 
that  adjustable  collars  can  be  slipped  over  them,  thus  making  a 


Fig.  369. 
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Fig.  371. — Same  building  shown  in  Fig.  370.  Reinforcement  in  place 
for  girder  over  entrance.  Note  that  the  center  wall  colunm  carrying  six 
stories  comes  in  the  middle  of  the  girder. 
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tight  fit  for  the  rods  which  are  to  be  bent.  The  amount  and  the 
angle  of  the  ofifset  can  be  regulated  by  changing  the  distance 
through  which  the  lever  is  turned.     This  machine  offsets  a  rod 


parallel  to  itself  and  with  one  pull  of  a  lever  two  bends  can  be 
made. 
91.  Placing  of  Reinforcement. — Steel  should  be  thoroughly 
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cleaned  before  being  placed  in  the  forms  in  order  to  obtain  a  posi- 
tive adhesion  of  the  concrete  to  the  steel.  A  slight  film  of  red 
rust  is  not  objectionable,  but  no  rod  should  be  set  in  place  on 
which  rust  scales  have  formed.  (See  Art.  24,  Volume  I.)  The 
advantages  to  be  desrived  from  placing  reinforcement  in  frames 
has  been  considered  in  Art.  17.  With  steel  in  frames  the  erector 
has  simply  to  line  and  level  them  in  the  forms,  place  braces  where 
necessary,  and  make  end  connections  with  abutting  frames. 
Spacing  chairs  are  usually  employed  with  slab,  beam,  and  girder 
reinforcement  to  hold  the  bottom  rods  up  from  the  form  so  that 
little  bracing  or  none  is  required.    The  chairs  are  sometimes  blocks 


Courtesy  of  Turner  Conntruction  Co. 

Fig.  374. — Eastman  Kodak  office  building,  West  23d  Street,  New  York 
City.  Reinforced-concrete  floors  supported  on  cast-iron  columns.  Note 
wall-column  reinforcement  made  up  and  laid  horizontally  on  the  floor  at 
the  left  of  the  picture. 

of  concrete  with  grooves  in  the  top;  or  sometimes  a  thin  square 
steel  plate  about  4  in.  on  a  side  with  a  hole  in  its  center,  the  halves 
of  which  are  bent  to  an  angle  of  60  to  90  degrees  with  each  other 
to  form  feet  for  the  chair,  the  hole  forming  a  seat  for  the  rein- 
forcing rod.     Another  type  of  chair  is  shown  in  Fig.  369. 

Wall  and  column  reinforcement  should  be  made  up  into  frames, 
the  same  as  for  beams  and  girders.  In  some  cases,  it  would  be 
best  to  assemble  even  slab  reinforcement  on  the  ground  and  place 
it  in  assembled  units. 
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Courtetiy  of  Ferro-conerete  Con»iruction  Co. 

Fio.  376. — Kraus  building,  Memphis,  Tenn. 


Courlcfty  of  Ferroconcrete  Construction  Co, 

Fio.  377. — Continental  Motor  Car  Co.'s  building,  Detroit,  Mich. 
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All  reinforcing  metal  should  be  put  in  place  in  the  form  and 
securely  fastened  in  correct  positions  by  wiring  or  otherwise 
before  the  placing  of  the  concrete  is  begun.  Particular  atten- 
tion should  be  given  to  loose-bar  reinforcement — that  it  is  accu- 
rately and  properly  supported  in  position  and  that  it  is  not  dis- 
turbed until  the  concrete  is  poured.  Steel  in  position  is  shown 
in  Figs.  68,  141,  159,  and  371  to  377,  inclusive. 


CHAPTER  XXI 

PROPORTIONING,  MIXING,  AND  PLACING  OF  CONCRETE 

92.  Proportioning  of  Concrete. — The  following  methods  of 
proportioning  concrete  are  in  use: 

(1)  Arbitrary  selection  of  proportions. 

(2)  Void  determination. 

(3)  Proportioning  by  trial  mixtures. 

(4)  Proportioning  by  mechanical  analysis. 

In  discussing  methods  (3)  and  (4),  dry  aggregates  only  will 
be  considered  in  the  weight  determinations.  If  an  appreciable 
amount  of  moisture  is  present  in  the  aggregates,  this  should  be 
determined  by  dryirig  the  sand  and  stone  in  an  oven  until  there  is 
no  further  loss  of  weight. 

Proportioning  by  Arbitrary  Selection. — The  common  rule-of- 
thumb  method  of  proportioning  coiicrete  may  cause  wide  dis- 
crepancies because  of  the  variation  in  the  character  of  the  ingred- 
ients. In  fact,  arbitrary  selection  should  never  be  perflated 
except  where  the  work  is  not  expensive  or  important  enowb  to 
Warrant  special  proportioning  of  the  materials  and  gradfij^  of 
the  aggregates. 

If  arbitrary  proportioning  is  decided  upon,  the  best  method 
to  follow  is  to  proportion  the  cement  to  sand  by  judgment  in 
accordance  with  the  character  of  the  construction,  to  adopt  (as  a 
trial)  twice  as  much  stone  as  sand  by  volume,  and  then  to  vary 
this  proportion  using  as  much  of  the  coarse  aggregate  as  possible 
without  producing  noticeable  voids  or  stone  pockets  in  the  con- 
crete. In  cases  where  the  coarse  material  contains  a  great  many 
small  particles,  the  proportion  of  sand  should  be  tried  at  somewhat 
less  than  one-half  the  volume  of  stone. 

Experience  in  the  handling  of  concrete  enables  one  to  judge 
readily  whether  the  mortar  is  deficient  or  not.  With  too  little 
sand,  stone  pockets  are  apt  to  occur  on  the  surfaces,  and  it  is 
diflScult  to  fill  all  the  voids  in  the  stone;  with  too  much  sand,  a 
harsh  working  of  the  concrete  will  be  noticed  or  an  excess  of  mor- 
tar will  rise  to  the  top  when  placing. 
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Proportioning  by  Void  Determination. — There  are  four  distinct 
methods  of  proportioning  concrete  by  the  determination  of  voids: 

(a)  Finding  the  voids  in  the  stone  and  in  the  sand,  and  then 
proportioning  the  materials  so  that  the  volume  of  sand  is  equiva- 
lent to  the  volume  of  voids  in  the  stone  and  so  that  the  volume  of 
cement  is  slightly  in  excess  of  the  voids  in  the  sand.  (The 
excess  of  cement  is  provided  on  account  of  inaccuracies  in  the 
void  method  of  proportioning.) 

(b)  Finding  the  voids  in  the  stone,  and,  after  selecting  the 
proportions  of  cement  to  sand  by  test  or  by  judgment,  proportion- 
ing the  mortar  to  the  stone  so  that  the  volume  of  mortar  is  slightly 
in  excess  of  the  voids  in  the  stone. 

(c)  Mixing  the  sand  and  stone  and  providing  such  a  proportion 
of  cement  that  the  paste  will  slightly  more  than  fill  the  voids  in  the 
mixed  aggregate. 

(d)  Making  trial  mixtures  of  dry  materials  in  diflferent  propor- 
tions to  determine  the  mixture  giving  the  smallest  percentage  of 
voids,  and  then  adding  an  arbitrary  percentage  of  cement,  or 
one  based  on  the  voids  in  the  mixed  aggregate. 

Proportioning  by  the  determination  of  voids  is  little  (if  any) 
better  than  the  proportioning  by  arbitrary  assignment.  In  the 
first  place,  the  percentage  of  voids  in  sand  is  greatly  affected  by 
even  a  small  percentage  of  moisture.  When  sand  is  moistened,  a 
film  of  water  coats  each  particle  of  sand  and  separates  it  by 
surface  tension  from  the  grains  surrounding  it.  Fine  sand,  having 
a  larger  number  of  grains,  and  consequently,  more  surface  area,  is 
more  increased  in  bulk  by  the  addition  of  water  than  coarse  sand. 
Again,  the  volume  of  water  required  in  mixing  actually  occupies 
space  in  the  resulting  concrete  and  not  only  every  cement  but 
also  every  sand  has  a  diflferent  and  definite  percentage  of  water 
necessary  to  bring  it  to  what  may  be  called  normal  consistency. 
Voids  in  absolutely  dry  sand  are  certainly  no  criterion  of  its 
qualities  for  concrete,  while  a  moist  sand  will  give  diflferent  results 
on  diflferent  days. 

Inaccuracy  in  proportioning  by  void  determination  is  also  due 
in  part  to  the  diflference  in  the  compactness  of  the  materials  under 
varied  methods  of  handling,  and  to  the  fact  that  many  grains  of 
the  sand  are  too  coarse  to  enter  the  voids  of  the  stone  and  con- 
sequently thrust  apart  the  particles  of  the  large  aggregate.  Many 
of  the  voids  in  the  sand  are  also  too  small  for  the  grains  of  cement 
to  fit  into  them  without  expanding  the  volume. 
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The  methods  of  determining  voids  in  sand  are  explained  in  Art. 
79.    Voids  in  stone  may  be  fomid  by  direct  water  measurement. 

Proportioning  by  Trial  Mixtures. — ^The  fact  that  the  densest 
concrete  is  the  strongest  and  most  impermeable  (Art.  7,  Volume  I) 
makes  possible  a  convenient  and  accurate  method  of  proportion- 
ing concrete  and  of  determining  the  relative  value  of  different 
aggregates.  Mr.  William  B.  Fuller  describes  the  method  as 
follows: 

'^  Procure  a  piece  of  steel  pipe  8  to  12  in.  in  diameter  and  a  foot 
long  and  close  off  one  end;  also  obtain  an  accurate  weighing  scale. 
Weigh  out  any  proportions  selected  at  random,  of  cement,  sand,  and 
stone,  and  of  such  quantity  as  wiU  fill  the  pipe  about  three-quarters 
full,  and  mix  thoroughly  with  water  on  an  impervious  platform,  such  as 
a  sheet  of  iron;  then,  standing  the  pipe  on  end,  put  all  the  concrete 
in  the  pipe,  tamping  it  thoroughly,  and  when  all  is  in,  measure  and 
record  the  depth  of  the  concrete  in  the  pipe.  Now  throw  this  concrete 
away,  clean  the  pipe  and  tools  and  make  up  another  batch  with  the 
total  weight  of  cement,  sand,  and  stone  the  same  as  before  but  with 
the  proportions  of  the  sand  to  the  stone  slightly  different.  Mix  and 
place  as  before  and  measure  and  record  the  depth  in  the  pipe,  and  if 
the  depth  in  the  pipe  is  less  and  the  concrete  still  looks  nice  and  works 
well,  this  is  a  better  mixture  than  the  first.  Continue  tr3ring  in  this 
way  until  the  proportion  has  been  found  which  will  give  the  least 
depth  in  the  pipe.  This  simply  shows  that  the  same  amount  of  materials 
is  being  compacted  into  a  smaller  space  and  that,  consequently, 
the  concrete  is  more  dense.  Of  course,  exactly  similar  materials 
must  be  used  as  are  to  be  used  on  the  work,  and  after  having  in  this 
way  decided  on  the  proportions  to  be  used  on  the  work  it  is  desirable 
to  make  such  trials  several  times  while  the  work  is  in  progress,  to 
be  sure  there  is  no  great  change  in  materials,  or,  if  there  is  any  change, 
to  determine  the  corresponding  change  in  the  proportions. 

"The  above-described  method  of  obtaining  proportions  does  not  take 
very  much  time,  is  not  difficult,  and  a  little  trouble  taken  in  this  way 
will  often  be  productive  of  very  important  results  over  the  guess  method 
of  deciding  proportions  so  universally  prevalent. 

"A  person  interested  in  this  method  of  proportioning  wiU  find  on 
trial  that  other  sands  and  stones  available  in  the  vicinity  will  give 
other  depths  in  the  pipe,  and  it  is  probable  that  by  looking  around  and 
obtaining  the  best  available  materials  the  strength  of  the  concrete 
obtainable  will  be  very  materially  increased." 

Proportioning  by  Mechanical  Analysis, — The  most  scientific 
method  of  proportioning  concrete  is  by  mechanical  analysis. 
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This  method  is  explained  at  length  in  Art.  8  of  Volume  I,  to  which 
the  reader  is  referred. 

Mechanical  analysis  affords  a  means  of  determining  the  best 
proportions  in  which  to  mix  the  fine  and  the  coarse  aggregate, 
and  shows  how  the  aggregate  may  be  improved  by  adding  or 
subtracting  some  particular  size.  This  method  should  be  em- 
ployed on  all  large  or  important  structures  or  wherever  the  ex- 
pense of  screening  and  proportioning  is  likely  to  be  justified  by 
the  better  quality,  or  the  less  cost,  of  the  concrete  secured. 
The  analysis  should  be  made  regularly  to  determine  whether  or 
not  the  sizes  of  the  aggregate  have  changed,  and,  whenever  a 
change  is  detected,  the  proportions  should  be  varied  to  secure 
the  most  economical  and  densest  concrete. 

An  article  written  by  Mr.  L.  C.  Wason,  President  of  the  Aber- 
thaw  Construction  Co.,  and  published  in  the  Concrete  Engineering^ 
May,  1909,  is  of  value  and  is  quoted  in  part  as  follows: 

"In  the  work  of  the  Little  Falls  Water  Go's,  filtration  plant,  where 
over  8000  yd.  were  placed,  bins  were  used  to  size  the  material  into 
five  different  grades.  The  engineer  made  careful  analysis  of  the 
material  and  combined  these  in  such  a  way  as  to  obtain  waterproof 
concrete  mixed  in  the  proportion  approximating  1  part  cement,  3  parts 
sand,  and  7  of  stone.  The  actual  saving  in  cement  more  than  paid  for 
the  extra  cost  and  trouble  of  sizing  and  testing  the  aggregate.  This 
condition  is  not  often  possible,  and  therefore  the  ordinary  precaution 
is  that  of  using  a  little  richer  mixture  than  ideal  conditions  would 
require.  This  is  the  most  usual  and  common  factor  of  safety.  On 
large  and  important  work  where  speed  as  well  as  accurate  results 
are  required,  the  writer  has  erected  elevated  bins,  fed  material  into 
them  with  an  elevator  which  discharged  into  a  rotary  screen,  sizing 
the  material  into  three  or  more  grades.  From  these  bins  material  was 
drawn  into  accurate  measuring  hoppers  and  dumped  directly  into  the 
mixer,  thus  speed,  accuracy,  and  uniformity  of  results  were  obtained. 
The  expense  of  this  mechanical  plant  is  such  that  unless  1500  or  more 
yards  of  concrete  are  to  be  mixed,  it  is  not  advisable  to  attempt  it. 

"For  small  work  industrial  cars,  wheelbrarows,  or  measuring  frames 
are  a  necessity,  and,  in  connection  with  measuring  frames,  the  greatest 
inaccuracies  are  obtained  in  the  usual  shape  used.  Assume  a  1:  2:  4 
mixture  which  makes  nearly  16  cu.  ft.  of  concrete.  This  is  ordinarily 
measured  in  a  frame  made  of  8-in.  plank,  enclosing  an  area  of  4  ft. 
by  6  ft.  If,  as  is  conamon,  the  frame  is  laid  on  small  stones  left  on  the 
platform  from  a  previous  batch,  increasing  the  depth  by  \  in.,  an 
extra  cubic  foot  of  stone  goes  into  the  mix,  whereas  if  a  frame  3  ft.  by 
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2  ft.  8  in.,  2.  ft  deep,  is  used,  the  same  volume  is  obtained  and  then  an 
error  of  J  in.  in  the  depth  would  amount  to  only  i  ft. 

"When  broken  stone  is  used,  it  has  been  the  writer's  experience 
that  there  has  been  very  little  variation  in  the  voids,  so  that  seldom 
does  any  change  have  to  be  made  in  the  mix  as  the  work  progresses. 
Throughout  New  England  the  stone  is  always  sized  with  a  rotary  screen 
before  its  delivery.  The  simplest  and  most  effective  way  of  testing 
if  the  concrete  is  densely  proportioned  for  ordinary  work  (where  the 
refinement  necessary  in  waterproofing  is  not  the  essential  feature) 
is,  after  the  batch  is  mixed  by  hand  or  machine  and  is  l3dng  loose 
ready  to  be  placed,  to  tap  the  surface  lightly  with  the  sole  of 
the  foot  three  times.  If  the  surface  becomes  smooth,  the  mortar  just 
filling  the  voids  of  the  stone,  the  concrete  is  all  right.  If  the  surface 
is  porous,  there  is  not  enough  mortar,  and  vice  versa.  A  little  practice 
and  observation  of  the  concrete  in  place  wiU  soon  produce  a  trained 
judgment. 

"In  this  vicinity  there  are  large  quantities  of  good  gravel  available, 
and  this  is  frequently  used  in  mixing  concrete.  The  writer  has  never 
seen  a  gravel  pit  where  the  materials  were  rightly  proportioned  and 
where  the  run  of  the  pit  could  be  used  without  change.  There  is 
always  an  excess  of  sand.  If  the  run  of  the  pit  is  taken,  it  should  be 
tested  frequently  to  find  the  actual  proportion  of  sand  and  stone  and 
then  enough  extra  stone  added  to  obtain  the  proper  mixture,  and  as 
the  same  pit  varies  constantly  very  frequent  tests  should  be  made. 
It  is  customary,  because  it  is  almost  always  necessary,  to  screen  the  sand 
from  the  stone  and  then  to  recombine  them  in  the  correct  proportions, 
and  when  this  is  done  the  same  method  of  measuring  and  testing  the 
result  can  be  used  as  with  broken  stone,  slag,  or  other  form  of  aggregate." 

93.  Mixing  of  Concrete. — All  concrete  for  reinforced  work 
should  be  mixed  by  machine.  Although  with  careful  superin- 
tendence hand-mixing  will  give  first-class  results,  machine-mixed 
concrete  is  usually  of  more  uniform  quality  than  that  mixed  by 
hand,  and  is  generally  less  expensive — except,  of  course,  where  the 
quantity  of  concrete  is  so  small  as  to  prohibit  the  expense  of  pur- 
chasing or  renting  a  mixer.  The  engineer  should  preferably  reserve 
the  right  to  permit  hand-mixing  if  practically  unavoidable,  but 
this  method  of  mixing  should  be  resorted  to  only  when  machinery 
is  unobtainable  or  where  it  is  necessary  to  start  work  on  a  large 
job  before  the  machinery  has  arrived. 

The  proper  degree  of  mixing  may  be  determined  simply  by  the 
appearance.  It  is  an  indication  that  the  operation  has  continued 
long  enough  when  the  mass  assumes  a  uniform  color  and  a  dense, 
smooth  appearance.    Some  contractors  mix  the  materials  dry 
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until  a  uniform  color  is  secured  and  then  add  the  water.  Others 
put  in  the  material  and  the  water  at  once.  Either  way  will 
produce  good  results,  except  for  hand-mixing,  where  the  mixing 
of  the  cement  and  the  sand  in  the  dry  state  is  the  general 
practice. 

The  strength  of  concrete  is  very  largely  dependent  upon  the 
thoroughness  of  mixing,  and  much  care  is  needed  in  this  part  of 
the  work.  No  matter  how  suitable  for  the  purpose  the  mater- 
itds  and  proportions  of  the  same  may  be,  insufficient  mixing  will 
result  in  inferior  concrete. 

The  greatest  care  should  also  be  exercised  to  make  sure  that  the 
specified  amounts  of  the  materials  go  into  each  batch  of  concrete. 
For  measuring  concrete  aggregates,  it  is  not  good  practice  to  use 
the  common  form  of  contractor's  wheelbarrow  because  the  loads 
vary  considerably  with  the  variation  in  the  heaping  of  the  bar- 
row. Special  barrows  constructed  with  sides  nearly  vertical 
can  be  obtained  which  will  give  the  required  amount  when  level 
fuU. 

The  amount  of  water  used  in  mixing  is  largely  a  matter  of 
judgement.  Sufficient  water  should  be  added  to  make  the  mixed 
concrete  into  a  flowing  paste  that  will  flow  readily  around  the 
reinforcing  steel  and  requires  only  light  tamping  or  puddling  to 
bring  the  mass  to  a  homogeneous  condition.  A  slight  excess  of 
water  is  preferable  to  not  enough,  but  there  should  not  be  any 
appreciable  quantity  of  free  water  present  to  wash  the  cement  off 
the  stone.  Concrete  is  mixed  with  an  excess  of  water  if  pools 
are  immediately  formed  on  top  of  the  concrete  when  deposited 
in  the  forms.  Although  the  quantity  of  water  needed  in  different 
batches  will  vary  occasionally  because  of  the  condition  of  the 
materials,  the  amount  to  use  can  be  regulated  best  by  measure- 
ment. A  tank  with  a  float  fastened  to  an  indicator  on  the  out- 
side is  easily  constructed  in  connection  with  a  concrete  mixer. 

Concrete  mixing  machines  may  be  divided  into  two  general 
classes:  (1)  continuous  mixers,  into  which  the  materials  are  fed 
constantly  and  from  which  the  concrete  is  discharged  in  a  steady 
stream,  and  (2)  batch  mixers,  into  which  sufficient  materials 
are  placed  at  one  time  to  make  a  convenient-sized  batch  of  con- 
crete, the  whole  amount  being  discharged  in  one  mass  after  it  is 
mixed.  Many  machines  are  adapted  to  either  continuous  or 
batch  mixing.  Good  results  can  be  produced  by  either  batch  or 
continuous  mixing  but  the  correct  proportions  are  more  readily 
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secured  by  mixing  the  concrete  in  batches,  and  this  method  is 
generally  preferred.  Many  specifications  prohibit  the  use  of 
continuous  mixers  for  reinforced-concrete  work. 

The  order  adopted  for  mixing  concrete  materials  by  hand  has 
little  effect  upon  the  strength  of  the  concrete,  provided  the  ma- 
terials are  turned  a  sufficient  number  of  times  to  insure  a  perfect 
and  equal  distribution  of  the  cement  through  the  entire  mass. 
The  usual  method  is  to  mix  the  cement  and  sand  dry,  shovel  the 
mixture  on  to  the  stone,  add  the  proper  amount  of  water,  and 
then  turn  the  mass  three  times. 

94.  Transporting  and  Placing  of  Concrete. — ^The  method  to  be 
employed  in  conveying  concrete  from  the  mixing  place  to  the 
work  depends  to  a  great  extent  on  local  conditions.  Wheel- 
barrows, two-wheel  hand  carts,  cars  on  tracks,  derricks,  hoists, 
cableways,  and  gravity  chutes  are  variously  used. 

The  ordinary  contractor's  wheelbarrow  served  fairly  well  for 
conveying  concrete  during  the  time  that  dry  concrete  was  con- 
sidered good  practice,  because  it  could  be  heaped.  At  the  present 
day,  however,  it  is  practically  discarded  for  this  purpose  and  has 
given  way  to  special  2-wheel  concrete  barrows  or  carts  which 
hold  as  much  concrete  as  a  man  can  readily  handle.  Such  carts 
require  wide  runs  or  platforms  (Figs.  376  and  377)  and  cannot  be 
pushed  up  an  incline.  AlsO;  turnouts  should  be  provided  oc- 
casionally to  avoid  delay  when  an  empty  barrow  meets  a  full 
one.  Where  carts  are  run  over  floor  forms  with  slab  steel  in 
place,  the  nms  of  plank  should  be  spiked  to  substantial  cleats  so 
as  to  raise  the  planking  above  the  forms  and  carry  it  over  the 
slab  steel. 

Small  dump  cars  on  tracks  are  frequently  used  where  the  con- 
crete is  deposited  at  some  distance  from  the  mixing  plant.  These 
cars  run  on  light  rails  placed  on  plank  runs,  as  shown  in  Figs. 
159  and  373.  A  turnout  is  shown  in  the  first  figure  mentioned. 
The  runs  are  supported  on  timber  horses  so  constructed  that  they 
may  be  easily  taken  out  of  the  soft  concrete. 

Hoists  are  generally  employed  in  building  construction  to 
convey  the  concrete  to  the  desired  floor  level.  The  concrete  may 
be  lifted  either  in  barrows  placed  on  an  elevator  or  in  a  regular 
hoist  bucket.  The  latter  method  is  usually  less  expensive.  Es- 
pecially is  this  true  when  a  hopper  is  used  to  hold  the  concrete 
instead  of  dumping  from  the  hoist  bucket  directly  into  the  bar- 
rows.    A  hopper  should  hold  at  least  a  batch  and  a  half  of  con- 
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Crete  in  order  not  to  restrict  the  output  of  the  mixer.     A  hopper 
is  clearly  shown  in  Fig.  332. 

A  successful  way  of  distributing  concrete  from  a  hopper  to  any 
part  of  the  work  by  gravity  is  shown  in  Figs.  340,  341,  and  375. 
The  hoist  bucket  dumps  into  a  hopper  at  the  required  elevation, 
from  which  it  flows  to  a  trough,  or  else  to  a  galvanized  iron  pipe, 
which  is  operated  by  cables,  booms,  and  swivels.  The  following 
general  instructions  for  operating  a  spouting  system,  issued  by 
the  Chain  Belt  Co.,  Milwaukee,  may  be  of  value: 

1.  Run  about  10  ft.  of  water  in  skip. 

2.  Charge  mixers,  using  mostly  sand  with  the  cement  and 
plenty  of  water. 

3.  Run  up  skip  with  water  and  drop  at  once,  following  up  as 
quickly  as  possible  with  a  charge  of  concrete. 

4.  Run  the  mixer  so  that  it  may  have  the  consistency  of  a 
thick  gravy,  so  that  when  it  levels  off  the  rock  is  seen  held  in  sus- 
pension. If,  when  dumped  in  the  skip,  it  stands  up,  it  is  too  thick; 
if  it  levels  oflf  and  shows  1  in.  of  water,  it  is  too  thin. 

5.  There  should  be  a  man  in  the  tower  to  operate  the  concrete 
gate  on  the  hopper  to  regulate  the  flow  of  concrete  through  the 
pipes.  The  stream  should  fill  about  one-third  of  the  conveyor 
pipe  and  the  charge  should  be  so  timed  that  the  stream  will  be 
as  nearly  continuous  as  possible. 

6.  Continuous  and  successful  running  depend  upon  the  uni- 
form mixture.  Be  careful  not  to  get  it  too  thin.  After  a  shut 
down  of  over  10  min.,  flush  the  pipe  by  sending  up  10  ft.  of  water 
in  the  skip. 

7.  At  the  end  of  the  day's  run,  clean  up  the  mixers  with  two 
charges  of  water.     Send  these  through  the  pipes. 

8.  All  pipe  joints  should  be  oiled  with  thick  grease,  so  as  to 
prevent  sticking. 

Before  starting  to  place  concrete  it  is  very  important  to  see 
that  the  forms  are  plumb  and  properly  braced;  that  all  dirt, 
shavings,  sawdust,  and  other  rubbish  have  been  removed;  that 
the  steel  reinforcement  is  in  its  proper  position  and  securely 
wired;  and  that  the  forms  have  been  either  thoroughly  oiled  or 
wet  down  with  a  hose,  or  both,  as  the  case  may  be.  If  the  con- 
crete hardens  in  the  hoppers  or  in  the  wheelbarrows,  it  should  not 
be  used,  since  retempering  such  concrete  with  more  water  is  dan- 
gerous; under  such  conditions  the  concrete  hardens  very  slowly 
and  probably  never  reaches  the  calculated  strength.     Concrete 
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which  stiffens  perceptibly  in  the  receiving  hopper  or  barrows 
should  never  be  used. 

Concrete  may  be  handled  and  placed  in  any  way  best  suited  to 
the  nature  of  the  work  provided  the  materials  are  not  allowed  to 
separate,  and  provided  also  that  the  time  of  mixing  and  pouring 
a  batch  of  concrete-is  not  greater  than  the  time-set  of  the  cement. 
Concrete  should  be  so  deposited  that  it  will  not  flow  along  the 
forms.  It  should  either  be  dumped  slowly,  or  shoveled  out  of 
receptacles,  and  the  dumping  should  not  be  from  great  heights. 
If  allowed  to  slide  down  a  metal  tube  or  enclosed  trough,  the  tube 
should  be  kept  continuously  full.  Excess  of  water  is  another 
common  cause  of  separation  and  must  be  avoided. 

Wet  concrete  such  as  is  used  in  reinforced-concrete  construc- 
tion needs  no  ranaming.  It  is  sufficient  to  spade  or  thoroughly 
stir  (puddle)  the  concrete  by  means  of  forks,  spades,  or  other 
suitable  instruments.  This  is  done  in  order  to  force  the  entrained 
air  and  surplus  water  to  the  surface,  and  thus  prevent  pockets  or 
voids.  Under  no  circumstances  should  aggregate  free  from 
mortar  be  allowed  to  gather  around  the  reinforcing  rods  and  all 
stones  should  be  carefully  but  judiciously  spaded  away  from  con- 
crete faces.  Faces  exposed  to  view  may  be  made  smooth  by 
thrusting  a  square-pointed  spade  or  a  thin  tool  through  the  con- 
crete close  to  the  form  to  force  back  the  larger  stones  and  prevent 
stone  pockets.  Gentle  tapping  of  forms  also  helps  to  give  smooth 
surfaces  by  shaking  down  and  consolidating  the  concrete  and 
forcing  out  air  bubbles. 

Reinforcing  rods  should  not  be  jarred  after  concrete  begins  to 
set,  for  obvious  reasons.  Also  no  walking  should  be  allowed  on 
green  concrete  for  at  least  12  hours  after  it  is  poured,  as  otherwise 
its  strength  may  be  seriously  impaired. 

It  may  be  necessary  to  cover  green  concrete  against  the  direct 
rays  of  the  sun  in  hot  weather.  Whether  or  not  this  is  done,  the 
concrete  should  besprinkled  liberally  at  frequent  intervals  for  the 
first  two  or  three  weeks  to  make  up  for  the  loss  of  water  by 
evaporation  and  permit  it  to  set  properly.  Keeping  concrete 
wet  also  prevents  to  a  large  degree  contraction  in  hardening  and 
the  setting  up  of  initial  stresses.  Concrete  may  be  kept  continu- 
ously wet  by  employing  either  wet  sand,  sawdust,  or  burlap  as  a 
covering. 

In  monolithic  building  construction,  the  columns  should  be 
poured  at  least  6  to  8  hours  ahead  of  the  beams  and  girders  to 
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allow  the  concrete  in  the  columns  to  settle  and  shrink,  and  the 
operation  should  be  continuous  from  the  base  to  the  underside  of 
the  supported  beam  or  girder.  In  like  manner,  the  slab  and  the 
beams  and  girders  are  usually  run  in  one  continuous  operation, 
but  where  T-beam  action  is  not  considered  the  slab  may  be  poured 
separately. 

Joints  in  concrete  work  should  not  occur  except  at  the  end  of  a 
day's  work.  Such  joints  should  be  straight,  well-defined  lines, 
where  they  will  do  the  least  harm  in  case  of  poor  bond  with  the 
next  day's  concrete.  Where  work  on  beams  and  slabs  must  be 
suspended,  the  joint  should  preferably  be  made  through  the  center 
of  the  span  of  all  slabs  and  beams  as  the  concrete  at  this  section  is 
in  compression,  the  tensile  stress  is  all  taken  by  the  reinforcement, 
and  the  shear  at  this  point  in  most  beams  is  zero.  Joints  in  con- 
crete should  always  be  at  right  angles  to  the  line  of  thrust  and 
should  not  be  where  there  is  any  considerable  shear. 

Bonding  new  to  old  concrete  is  a  matter  that  requires  the 
greatest  care.  The  surface  should  be  thoroughly  cleaned  of  all 
foreign  material  and  laitance  or  scum,  and  then  rubbed  with  stiff 
wire  or  willow  brooms,  removing  any  loose  stones  at  the  surface. 
The  surface  should  finally  be  washed  with  water  from  a  hose  to 
remove  all  loose  chips  and  dust.  The  secret  of  securing  a  good 
bond  lies  largely  in  getting  rid  of  the  glazed  skin  and  the  slime  and 
dust  which  forms  on  the  surface  of  concrete  that  has  set.  Live 
steam  at  a  high  pressure  has  been  used  to  clean  concrete  surfaces 
and  has  given  complete  satisfaction.  The  steam  should  be 
applied  after  the  surface  of  the  old  concrete  has  been  brushed  as 
clean  as  possible  with  stiff  brushes.  It  is  important  that  old  con- 
crete be  well  soaked  with  water  before  new  concrete  is  joined  to  it, 
and  the  bond  may  be  improved  in  many  cases  by  rubbing  the 
surface  with  neat  cement  paste  or  with  a  rich  cement  mortar 
before  concreting.  Care  should  be  taken  that  the  paste  is  not 
allowed  to  dry  out  or  set  before  the  new  concrete  is  placed. 

96.  Concreting  in  Freezing  Weather. — If  proper  precautions  are 
taken,  the  results  obtained  by  placing  concrete  in  winter  are 
practically  as  satisfactory  as  those  secured  in  summer  weather. 
The  cost  of  winter  concrete  work,  however,  is  generally  from  6  to 
10  per  cent  greater  than  in  summer,  but  this  is  usually  offset  by 
the  earlier  occupancy  of  the  building. 

Since  water  is  the  element  which  brings  about  the  hardening  of 
concrete,  it  is  evident  that  it  must  be  kept  in  a  fluid  condition 
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and  not  allowed  to  freeze.  Although  authorities  differ  as  to  the 
ultimate  effect  of  freezing  upon  Portland  cement  concrete,  it  is 
now  generally  admitted  that  freezing  will  not  injure  concrete 
which  has  had  a  chance  to  harden  under  favorable  conditions  for 
about  48  hours.  If  concrete  is  frozen  before  it  takes  its  initial 
set  there  will  be  no  permanent  injury  if  upon  thawing  it  is  not 
again  frozen  until  it  has  had  an  opportunity  to  harden.  Alter- 
nate freezing  and  thawing  at  short  intervals  seriously  affects  the 
strength  of  concrete. 

When  concreting  in  winter,  one  or  more  of  the  following  meth- 
ods may  be  employed  to  prevent  concrete  from  freezing: 

(1)  Lowering  the  freezing  point  of  the  mixing  water  by  adding 
substances  such  as  salt  or  calcium  chloride. 

(2)  Heating  the  sand,  stone,  and  water. 

(3)  Protecting  the  top  or  exposed  surface  by  covering  with 
panels  of  light  sheathing,  tarpaulins,  building  paper,  or  some 
other  suitable  material. 

(4)  Enclosing  or  housing  the  work  under  construction. 

(5)  Artificial  heating  of  the  enclosed  space. 

The  particular  method  or  methods  to  be  employed  will  depend 
largely  upon  the  character  of  the  work — mass  work  not  requiring 
the  same  care  and  protection  as  thin  walls,  columns,  beams,  and 
floor  slabs. 

Lowering  the  freezing  point  of  water  by  the  addition  of  ordinary 
salt  is  probably  the  simplest  and  cheapest  of  the  methods  above 
mentioned  but  salt  retards  the  setting  and,  if  used  to  excess,  will 
affect  the  ultimate  strength.  Approximately  1  per  cent  by 
weight  of  salt  to  the  weight  of  water  is  required  for  each  degree 
below  32  ®F.,  but  more  than  10  per  cent  of  salt  is  not  considered 
safe.  Salt,  therefore,  is  not  effective  for  temperatures  lower  than 
22°  F.  The  convenient  way  to  add  the  salt  is  by  putting  it  into 
the  mixing  water.  Calcium  chloride  in  quantities  not  over  2 
per  cent  of  the  weight  of  the  cement  lowers  the  freezing  point  in 
an  effective  manner  to  a  value  between  14°  and  —2°  F.,  but  a 
larger  amount  hastens  the  set  to  such  an  extent  that  it  is  difficult 
to  handle.  Tests  tend  to  show  that  salt  and  calciimi  chloride 
cause  a  corrosive  action  on  reinforcing  steel,  but  exi)eriments  are 
needed  to  determine  whether  or  not  such  action  would  continue 
until  the  effective  strength  of  the  steel  would  be  dangerously 
impaired. 

The  most  satisfactory  results  of  winter  concrete  work  have  been 
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obtained  where  the  aggregates  and  the  water  are  heated  and  the 
concrete  work  protected  until  it  has  obtained  suflScient  strength 
to  withstand  the  action  of  frost.  Heating  the  materials  acceler- 
ates the  rate  of  hardening  and  lengthens  the  time  before  the  mix- 
ture becomes  cold  enough  to  freeze.  Results  show,  however, 
that  the  materials  should  not  be  heated  much  over  90°  F.  to  100^ 
F.,  as  the  concrete  is  weakened  if  the  set  is  too  rapid. 

Many  methods  are  used  to  heat  the  materials  but,  in  any  case, 
the  additional  equipment  required  is  very  simple.  The  best 
method  of  heating  the  water  is  to  provide  a  suitable  tank,  and  heat 
the  water  therein  by  a  coil  of  pipe  supplied  with  steam  from  the 
boiler  running  the  mixer  engine.  The  water  barrel  at  the  mixer 
should  not  be  used  for  this  purpose  since  in  most  cases  the  water 
in  the  same  is  used  too  fast  to  permit  of  its  being  properly  heated. 
The  method  employed  in  heating  sand  and  stone  depends  upon 
whether  these  materials  are  received  by  rail  or  wagons.  Where 
material  is  received  on  railroad  cars,  it  is  good  practice  to  run  a 
steam  pipe  alongside  the  tracks  with  tees  at  frequent  intervals 
from  which  steam  hose  is  taken  directly  into  the  car  itself.  For 
heating  sand  perforated  steam  pipes  are  usually  run  through  the 
pile  and  the  pile  kept  covered  with  canvas.  Half  cylinders  of 
sheet  steel  set  on  the  ground  in  the  form  of  an  arch  have  been 
used  successfully  for  heating  sand  and  stone.  Also  metal  culi^ert 
pipe  and  sections  of  old  boilers  haVe  given  satisfactory  results,  the 
fire  being  placed  inside.  Steam  heating,  however,  is  considered 
better  than  using  heaters,  inasmuch  as  the  material  next  to  the 
heating  surface  in  the  latter  method  may  become  damaged. 

In  building  construction  the  general  method  of  procedure  is 
to  enclose  the  building  with  canvas  (Fig.  378),  floor  by  floor,  until 
the  concrete  is  set,  and  place  salamanders  burning  coke  (Rg.  379) 
directly  underneath  all  freshly  poured  concrete.  These  salaman- 
ders should  be  kept  burning  continuously  until  the  concreteis  thor- 
oughly set.  The  tops  of  freshly  poured  floors  are  often  covered 
with  sawdust  or  with  paper  and  about  12  in  of  hay  or  straw, 
the  latter  being  sometimes  sprinkled  with  salt.  In  no  case 
should  fresh  manure  be  placed  over  very  green  concrete 
to  protect  it  from  freezing,  as  it  will  spoil  the  surface  of  the  con- 
crete. Before  placing  the  concrete,  all  forms  should  be  swept 
clean  of  snow  and  all  ice  present  should  be  removed  with  a  steam 
jet.  The  mixing  plant  should  be  close  to  the  place  of  concreting 
so  as  not  to  give  the  concrete  a  chance  to  freeze  while  it  is  being 
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Courtesy  of  Uniteraal  Portland  Cement  Co. 

Fig.  378. — Concreting  in  winter.     Wabash  Screen  Door  Co.'s  building, 
Minneapolis,  Minn. 


Courtesy  of  Turner  Construction  Co. 

Fig.  379. — Factory  of  John  F.  Galvin,  Long  Island  City.  Interior  dining 
winter  weather  construction.  Note  salamanders  burning  to  keep  temperar 
ture  above  freezing-point.    Also,  note  column  forms. 
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transported.    The  chuting  of  concrete  in  freezing  weather  should 
not  be  allowed. 

In  the  issue  of  Engineering  News,  May  23,  1912,  Mr.  F.  E. 
Schilling,  Superintendent  of  Construction  for  the  Turner  Con- 
struction Co.  of  New  York  City,  describes  winter  construction  on 
a  seven-story  reinforced-concrete  building  for  the  Barnet  Leather 
Co.,  Little  Falls,  N.Y.     His  description  is  in  part  as  follows: 

"The  following  plant  was  installed  in  order  to  keep  the  concrete 
from  freezing,  when  cold  weather  set  h.p.  An  18  h.p.  boiler  was  rented 
and  installed  close  to  the  building,  as  shown  in  Fig.  380.  Three  Unes 
of  li-in.  steam  pipes  were  run  from  the  boiler;  the  first  line  leading  to 
the  water  barrel  at  the  mixer,  the  second  leading  up  to  the  floor  ^diich 
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was  to  be  concreted,  and  the  third  line  leading  to  a  coil  of  pipes  used 
for  heating  the  sand  and  stone.  This  coil  consisted  of  six  lines  of 
li-in.  pipes,  36  ft.  long,  placed  4  ft.  apart  and  all  connected  at  the  ends. 
All  pipes  were  provided  with  i^^-in.  holes,  spaced  12  in.  apart. 

"The  sand  and  stone  brought  in  by  2-cu.  yd.  bottom-dump  wagons 
were  piled  directly  on  this  coil,  the  area  being  enough  to  store  80  cu. 
yd.  of  sand  and  150  cu.  yd.  of  stone.  The  steam,  when  turned  on  under 
the  sand  and  stone,  escaped  through  the  holes  in. the  pipes  and  thawed 
out  the  material  above.  During  very  cold  weather  the  sand  and 
stone  were  covered  over  with  heavy  canvas  and  with  steam  turned  on 
underneath,  it  was  found  that  the  material  within  ten  hours  was  in 
good  shape,  the  temperature  ranging  from  60  to  70**  F.  This  was  true 
even  in  the  coldest  weather  when  the  sand  arrived  in  large  frosted 
lumps.    With  a  steam  pre8s\u*e  of  from  25  to  35  lb.  at  the  boiler,  the 
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water  in  the  barrel  at  the  mixer  would  heat  up  to  a  temperature  of 
85**  within  a  few  minutes,  and  was  kept  at  an  even  temperature  by  means 
of  a  valve  on  the  steam  line. 

"The  steam  was  carried  about  on  the  floor  forms  by  means  of  l}-in. 
hose.  In  this  way  all  the  snow  and  ice  on  the  forms  or  on  the  steel 
was  melted.  When  concrete  was  poured  on  the  floors,  this  hose  was 
kept  going  at  full  pressure  all  day.  The  hose  was  lowered  into  each 
column  form  before  pouring  in  the  concrete,  and  kept  there  until 
the  preceding  column  was  filled.  While  filling  the  floor  slab,  the 
hose  was  kept  in  the  girder  or  beam  directly  ahead  of  where  the  concrete 
was  poured,  and  the  steam  instead  of  immediately  rising  would  follow 
along  the  beam  or  girder,  thus  warming  up  the  steel.  The  concrete 
when  dumped  from  the  carryalls  was  at  a  temperature  of  50**,  so  any 
slight  difference  in  temperature  between  the  steel  and  concrete  would 
adjust  itself  when  the  steel  was  surrounded  and  would  not  lower  the 
temperature  of  the  concrete  enough  to  make  it  freeze. 

"In  order  to  keep  the  concrete  from  freezing  after  it  was  placed 
in  the  forms,  it  was  necessary  to  keep  heat  around  it  imtil  it  had  set. 
To  accomplish  this,  the  contractor  purchased  enough  canvas  in  pieces 
16  ft.  square  to  cover  two  stories  around  the  sides,  and  also  to  cover 
over  one  floor  after  it  was  concreted.  The  carpenters,  while  building 
their  exterior  beam  forms,  nailed  a  2X4-in.  timber,  10  in.  outside  of 
the  forms,  and  the  canvas  was  hung  from  this  timber.  This  allowed 
a  space  of  10  in.  outside  of  the  form  for  heat  circulation.  Coke  burned 
in  salamanders  was  used  to  keep  the  inclosed  stories  warm.  The 
salamanders  were  distributed  in  the  proportion  of  one  to  each  300 
sq.  ft.  of  floor,  and  at  this  rate,  the  temperature  under  the  floor  forms  . 
was  kept  between  80  to  90°.  The  hardest  place  to  heat  was  found 
to  be  the  bottoms  of  the  exterior  columns  and,  to  offset  this,  two  stories 
instead  of  one  were  inclosed  with  canvas.  When  the  story  below  the 
one  being  filled  was  inclosed  and  heated,  the  contractor  found  no 
difficulty  in  keeping  all  the  columns  from  freezing. 

"Small  boxes,  4  in.  deeper  than  the  thickness  of  the  concrete  on 
the  floors,  were  placed  on  the  floor  forms  before  concrete  was  poured, 
and  a  hole  was  cut  in  the  form  underneath  each  box.  As  a  portion  of 
the  floor  was  finished  up,  long  4X4-in.  timbers  were  placed  from  box 
to  box,  old  panels  and  plank  were  placed  to  span  between  the  timbers, 
and  the  whole  area  covered  with  canvas.  This  left  a  4-in.  air  space 
between  the  top  of  the  concrete  and  the  canvas  and  the  heat  rising 
through  the  holes  cut  in  the  forms  under  the  boxes  kept  this  space  warm. 
The  specifications  for  this  building  called  for  the  finish  on  the  floors 
to  be  put  in  after  the  windows  and  walls  had  been  placed,  so  the 
concrete  was  left  rough  and  caused  no  trouble  in  covering  up. 

"The  coldest  day  that  concrete  was  placed  on  any  of  the  floors 
was  Jan.  26,  1912,  when  the  sixth-story  colimins  and  the  seventh  floor 
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were  filled.  On  this  day,  the  temperature  at  7  a.  m.  at  time  of  starting 
work,  was  6**  below  zero.  At  10  a.  m.,  the  temperature  was  zero;  at 
noon,  l(f  above;  at  3  p.m.,  12**  above;  and  at  5  p.m.,  8**  above.  All 
of  the  concrete  placed  on  this  day  turned  out  in  good  condition.  Coke 
was  kept  burning  in  the  salamanders  under  the  forms  for  all  floors 
for  at  least  six  days  after  the  concrete  was  placed.  No  shores  or 
forms  were  removed  during  this  time. 

"In  order,  therefore,  to  make  speed  and  keep  .the  men  working, 
two  sets  of  forms  were  necessary.  Usually  on  the  day  following  the 
concreting  of  a  floor,  no  work  was  attempted  on  the  next  story.  It 
was  found,  however,  that  by  allowing  two  nights  and  a  day  heating, 
the  concrete  was  hard  enough  on  top  to  work  on,  so  the  covering  over 
the  top  was  removed  and  work  was  started  on  the  next  story.  Thus 
while  the  second  set  of  forms  were  being  set  up  above,  the  forms  still 
remained  under  the  floor  below,  which  was  inclosed  and  heated.  In 
this  way,  it  was  only  necessary  to  stop  work  one  day  for  every  floor.'' 


CHAPTER  XXII 
FINISHING  CONCRETE  SURFACES 

96.  Methods  in  General. — The  treatment  of  concrete  sur- 
faces should  be  determined  almost  wholly  by  the  character  of  the 
structure.  If  appearance  is  not  an  important  consideration  and 
if  the  forms  are  tight,  a  suitable  surface  may  be  obtained  simply  by 
careful  spading,  making  sure  that  the  mortar  flushes  to  the  face. 
If,  on  the  other  hand,  the  character  of  a  building  and  its  location 
are  such  as  to  warrant  a  finish  somewhat  superior  to  that  obtained 
by  spading,  then  one  or  more  of  the  following  methods  may  be 
used:  (1)  rubbing  the  surface  with  a  block  of  carborundum  or 
similar  substance  after  the  forms  are  removed,  (2)  brushing,  (3) 
tooling,  (4)  sand  blasting,  (5)  using  aggregates  of  the  proper  size 
and  color  and  then  properly  finishing  the  surface,  (6)  using  color- 
ing matter  in  the  facing  mixture,  and  (7)  applying  specially  pre- 
pared paints  or  cement  stains  to  the  concrete  surface. 

Plastering  is  still  another  method  of  surface  treatment  but  is 
unsatisfactory  in  climates  where  the  temperature  in  the  winter 
months  falls  below  freezing.  If  the  form  work  is  made  very 
rough,  fair  results  may  be  obtained  by  this  method  since  plaster 
clings  best  to  a  rough  surface;  plastering,  however,  is  an  art  more 
than  a  science  so  that  skilled  labor  is  undoubtedly  a  most  essen- 
tial feature.  Plastering  should  especially  be  avoided  on  outside 
work,  as  it  is  practically  impossible  to  apply  mortar  in  thin  layers 
and  make  it  adhere  for  any  length  of  time.  This  is  due,  no  doubt, 
to  the  shrinkage  of  the  mortar  after  the  shrinkage  in  the  concrete 
itself  has  practically  ceased.  The  richer  the  mortar,  the  more  it 
shrinks,  and  the  shrinkage  results  in  leaving  a  hair  plane  between 
the  plaster  and  the  concrete  work.    The  frost  does  the  rest. 

97.  Rubbed  Finish. — If  a  rubbed  surface  finish  is  desired,  the 
coarse  aggregate  should  be  well  spaded  back  from  the  face  of  the 
work  and  the  forms  should  be  removed  before  the  concrete  has 
set  hard,  preferably  in  a  day  or  two  after  the  concrete  is  poured. 
The  process  of  rubbing  consists  in  grinding  down  the  surface 
of  the  concrete  sufficiently  to  remove  all  impressions  of  the  timber 
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or  other  irregularities,  using  a  brick  of  carborundum,  emery, 
concrete,  or  soft  natural  stone.  In  connection  with  the  rubbing 
(which  is  accomplished  with  a  circular  motion),  a  thin  grout  com- 
posed of  cement  and  sand  should  be  applied  to  the  surface,  well 
rubbed  in,  and  the  work  afterward  washed  down  with  clean 
water.  The  grout  is  used  simply  to  'fill  surface  imperfections 
and  care  must  be  taken  not  to  allow  it  to  remain  as  a  film  on  the 
surface. 

This  method  of  treatment  produces  a  comparatively  smooth 
surface  of  uniform  color  much  superior  to  that  obtained  by  the  all 
too  prevalent  method  of  painting  with  a  grout,  which  almost 
invariably  crazes,  cracks,  and  peels  off.  Rubbing  is  a  very 
acceptable,  cheap  way  of  finishing  concrete  surfaces. 

98.  Brushed  Finish. — A  brushed  finish  is  obtained  by  remov- 
ing with  a  brush  the  surface  film  of  mortor  which  forms  over  the 
aggregate.  This  should  be  done  while  the  concrete  surface  is 
still  green.  The  brushing  should  be  started  just  as  soon  as  it 
is  possible  to  do  so  without  removing  particles  of  aggregate. 
The  time  required  for  sufficient  hardening  can  only  be  determined 
by  experimenting  with  the  particular  surface.  The  forms  should 
be  constructed  so  they  may  be  taken  down  in  sections  and  give 
access  to  the  face  of  the  concrete  without  taking  away  the  stand- 
ards which  provide  strength  for  the  forms  as  a  whole. 

The  process  consists  of  scrubbing  or  brushing  the  concrete 
surfaces  with  ordinary  fiber  (or  wire)  brushes  and  water  until  all 
the  surface  cement  has  been  washed  off,  leaving  the  coarse  aggre- 
gate exposed.  The  ordinary  fiber  brush  will  not  answer  if  the 
surface  is  permitted  to  get  too  hard.  A  brush  about  4  in.  wide, 
made  by  clamping  together  a  sufiicient  number  of  sheets  of  wire 
cloth,  has  been  found  to  be  very  effective. 

The  appearance  of  a  brushed  finish  can  be  improved  by  washing 
with  a  diluted  solution  of  acid  applied  with  a  brush.  The  acid 
thoroughly  cleans  the  surface  of  the  aggregate,  thereby  intensify- 
ing the  color  and  texture  of  same.  The  treated  surface  can  be 
made  of  any  desired  color  by  the  proper  selection  of  colored  aggre* 
gates,  but  care  should  be  taken  to  make  sure  that  the  materials 
used  are  not  affected  by  the  acid.  The  surface  should  be  thor- 
oughly washed  after  the  acid  treatment  as  otherwise  it  will  have 
a  mottled,  streaky  appearance. 

99.  Tooled  Finish. — Concrete  surfaces  may  be  finished  by 
tooling  by  any  of  the  methods  employed  for  dressing  or  finishing 
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natural  stone.  Only  small-sized  aggregate  should  be  used  in  the 
facing  material;  as  it  is  hard  to  dress  and  to  obtain  uniform  results 
on  surfaces  where  large  angular  stones  are  encountered.  The 
concrete  as  a  rule  should  be  thoroughly  hardened  before  tooling, 
especially  if  sharp  clean  surfaces  are  desired. 

A  variety  of  surface  effects  may  be  obtained  by  tooling,  as  the 
effect  produced  in  any  given  case  depends  upon  the  kind  of  tool 
used.  Some  variation  in  the  appearance  of  the  finished  surface 
may  also  be  obtained  by  the  manner  in  which  the  tool  is  handled. 


Fio.  381.- 


Couriety  of  Mr.  H.  F.  Porter,  Mfg.  Editor  of  "Factory." 

-Bushhammering    concrete    exterior.     Harvey    Hubbell    Co/s 
building,  Bridgeport,  Conn. 


By  striking  a  perpendicular  blow  no  lines  or  marks  are  left  in  the 
surface,  whereas  with  a  glancing  blow,  tooth  marks  are  left  which 
can  be  made  parallel  to  each  other  or  at  various  angles.  Tooling 
cannot  ordinarily  be  performed  satisfactorily  on  gravel  concrete, 
as  the  pebbles  will  be  dislodged  before  being  chipped. 

Bush-hammering  (Fig.  381),  either  by  hand  or  with  a  pneumatic 
tool,  is  the  most  popular  method  used  in  tooling  concrete  surfaces. 
The  best  results  are  obtained  on  surfaces  which  are  thoroughly 
hard.  The  concrete  should  preferably  be  about  two  months  old, 
although  if  it  is  allowed  to  stand  too  long  the  labor  involved 
will  be  unnecessarily  great. 
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Tooling  is  rather  expensive  and  slow  work,  but  an  excellent 
finish  can  be  obtained  if  the  work  is  properly  done. 

100.  Sand-blast  Finish. — A  sand-blast  finish  is  very  much  the 
same  in  appearance  as  that  obtained  by  brushing  the  concrete  sur- 
face while  it  is  green.  Sand  blasting  produces  a  granulated  finish 
somewhat  similar  to  sandstone  but  not  so  uniform,  because  the 
aggregates  are  likely  to  be  brought  out  irregularly. 

The  concrete  should  be  thoroughly  hardened  before  sand  blast- 
ing, especially  if  sharp  edges  and  surfaces  of  a  fine,  uniform  tex- 
ture are  desired.  All  pronounced  ridges  should  be  removed  by 
tooling  previous  to  sand  blasting  since,  in  attempting  to  remove 
these  ridges  with  the  sand  blast,  the  surface  on  either  side  is  apt 
to  be  cut  too  deep  and  depressions  in  the  surface  intensified  or 
made  more  prominent  instead  of  being  erased.  All  strips  nailed 
to  the  forms  to  make  moldings,  joints,  and  courses  should  be  left 
in  place  while  the  surface  is  being  sand  blasted,  as  otherwise  the 
sharp  angles  and  edges  will  be  rounded  off. 

The  following  is  taken  from  a  pamphlet  on  "  Concrete  Surfaces  " 
issued  by  the  Universal  Portland  Cement  Co.: 

"Upon  a  smooth,  dense,  thoroughly  hardened  concrete  surface  a  |-in. 
nozzle  may  be  used,  but  under  ordinary  conditions  i-in.  or  even  i-in. 
nozzles  have  been  found  to  give  the  best  results.  A  clean,  sharp, 
thoroughly  dried  silica  sand  or  crushed  quartz  is  most  effective  for  sand 
blasting;  and  for  use  with  a  i-in.  nozzle  the  sand  should  be  screened 
through  a  No.  8  screen,  and  through  a  No.  12  when  a  i-in.  nozzle  is 
used.  The  best  results  are  apparently  obtained  on  a  thoroughly 
hardened  concrete  surface  at  least  a  month  oFd,  and  for  such  work  a 
nozzle  pressure  of  from  50  to  80  lb.  will  be  required." 

101.  Colored  Concrete  Surfaces. — The  most  satisfactory  con- 
crete surface  of  a  given  color  and  texture  can  be  obtained  by 
properly  finishing  a  surface  faced  with  a  mixture  composed  of 
cement  and  an  aggregate  of  the  proper  size  and  color.  The  color  is 
obtained  from  the  exposed  aggregate,  and  not  by  adding  coloring 
matter  to  the  mixture.  The  successful  production  of  the  desired 
surface  is  also  dependent  upon  the  proper  grading,  proportioning, 
mixing,  and  placing  of  the  materials  and  upon  the  method  of  finish- 
ing the  surface. 

Where  special  or  expensive  materials  must  be  employed  to  obtain 
the  desired  finish,  they  may  be  used  only  in  the  mixture  applied 
as  a  facing  to  the  exposed  surface.  Such  a  facing  is  usually  1  to 
1 J  in.  thick.  The  best  method  of  placing  the  facing  material  on 
vertical  surfaces  is  by  the  use  of  a  metal  facing  form  or  mold,  con- 
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sisting  of  short  lengths  of  iron  plates  8  to  10  in.  wide  and  about  6 
ft.  long  with  three  angle  irons  riveted  to  each  plate.  The  upper 
end  of  the  long  plate  should  be  provided  with  handles  and  slightly 
flared  to  assist  in  depositing  the  material.  The  metal  form  is 
placed  against  the  wall  form  with  the  handles  up  and  the  out- 
standing legs  of  the  angles  tight  against  the  wooden  form.  The 
space  between  it  and  the  back  of  the  wall  is  filled  with  ordinary 
concrete  backing  and  the  1-in.  or  li-in.  space  between  the  metal 
form  and  the  face  form  is  filled  with  facing  material.  The  metal 
form  should  not  be  permitted  to  remain  until  initial  set  takes 
place,  but  should  be  frequently  raised  to  prevent  the  formation  of 
seams  between  the  facing  and  the  concrete  backing. 

Where  aggregates  of  the  desired  color  are  not  available,  satis- 
factory results  may  be  obtained  by  what  might  be  termed  body 
coloring  and  surface  coloring.  Only  mineral  colors  should  be  used 
since  the  ingredients  of  cement  have  a  strong  and  generally  inju- 
rious chemical  action  upon  most  of  the  ordinary  pigments.  There 
is  also  danger  in  body  coloring  of  impairing  the  strength  of  the 
mixture  if  very  much  coloring  matter  of  any  kind  is  used.  Body 
coloring  need  apply  only  to  a  facing  mixture. 

There  are  a  nxmiber  of  specially  prepared  paints  and  cement 
stains  on  the  market  that  apparently  give  splendid  satisfaction  as 
a  surface  coloring.  The  results  to  be  obtained  with  ordinary  oil 
paints  are  questionable  and  should  not  be  used  upon  concrete 
surfaces. 


CHAPTER  XXIII 
WATERPROOFING  OF  CONCRETE 

102.  Methods  Employed. — The  various  methods  used  to 
render  concrete  waterproof  may  be  roughly  classified  as  follows: 

(1)  Accurate  grading  and  proportioning  of  the  concrete 
materials  in  order  to  secure  a  concrete  so  dense  as  to  be  water- 
proof. 

(2)  Appl3dng  waterproof  coatings  or  washes  to  the  concrete 
after  it  is  in  place. 

(3)  Mixing  foreign  substances  (integral  waterproofing  com- 
pounds) with  the  concrete. 

(4)  Surrounding  the  concrete  structure  with  layers  of  water- 
proofing materials,  such  as  asplalt  and  felt. 

It  is  often  advisable  to  combine  two  or  more  of  these  methods. 

103.  Dense  or  Impermeable  Concrete. — The  method  of  pro- 
portioning and  grading  the  concrete  materials  in  order  to  obtain 
an  impermeable  concrete  has  been  discussed  in  Art.  34  in  connec- 
tion with  the  treatment  of  roof  surfaces. 

The  subject  of  waterproofing  concrete  by  this  method  is  well 
covered  in  the  recent  report  of  the  Bureau  of  Standards,  Depart- 
ment of  Commerce  and  Labor,  Washington,  D.  C,  known  as 
Technologic  Paper  No.  3.  The  tests  reported  were  made  to  deter- 
mine the  absorptive  and  permeable  properties  of  Portland  cement 
mortars  and  concretes,  and,  at  the  same  time,  to  determine  the 
necessity  for  and  the  value  of  so-called  damp-proofing  and  water- 
proofing mediums.  All  the  waterproofing  compounds  tested  and 
reported  were  such  as  were  to  be  incorporated  in  a  mortar  or 
concrete  and  are  known  as  integral  compounds.  No  tests  were 
made  on  felt  papers  or  similar  materials  coated  with  bitumen. 
The  smnmary  to  the  above-mentioned  report  follows  and  indicates 
that  if  the  work  of  proportioning  and  grading  the  concrete  mater- 
ials is  properly  carried  out,  concrete  can  be  made  water-tight 
under  ordinary  conditions  without  the  addition  of  waterproofing 
compounds. 

"Portland  cement  mortar  and  concrete  can  be  made  practically 
water-tight  or  impermeable  (as  defined  below)  to  any  hydrostatic  head 
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up  to  40  ft.  without  the  use  of  any  of  the  so-called  'integral'  water- 
proofing materials;  but  in  order  to  obtain  such  impermeable  mortar 
or  concrete  considerable  care  should  be  exercised  in  selecting  good 
materials  as  aggregate  and  proportioning  them  in  such  a  manner  as 
to  obtain  a  dense  mixture.  The  consistency  of  the  mixture  should 
be  wet  enough  so  that  it  can  be  puddled,  the  particles  flowing  into 
position  without  tamping.  The  mixture  should  be  well  spaded  against 
the  forms  when  placed,  so  as  to  avoid  the  formation  of  pockets  on  the 
surface. 

"The  addition  of  so-called  'integral'  waterproofing  compounds 
will  not  compensate  for  lean  mixtures,  nor  for  poor  materials,  nor 
for  poor  workmanship  in  the  fabrication  of  the  concrete.  Since  in 
practice  the  inert  integral  compounds  (acting  simply  as  void-filling 
material)  are  added  in  such  small  quantities,  they  have  very  little 
or  no  effect  on  the  permeability  of  the  concrete.  If  the  same  care 
be  taken  in  making  the  concrete  impermeable  without  the  addition  of 
waterproofing  materials  as  is  ordinarily  taken  when  waterproofing 
materials  are  added,  an  impermeable  concrete  can  be  obtained. 

"The  terms  'permeability,'  'absorption,'  and  'damp-proof  should 
not  be  confused.  A  mortar  or  concrete  is  impermeable  (not  necessarily 
damp-proof),  as  defined  and  used  throughout  this  report,  when  itdo^ 
not  permit  the  passage  or  flow  of  water  through  its  pores  or  voids. 
The  absorption  of  a  mortar  or  concrete  is  the  property  of  drawing  in 
or  engrossing  water  into  its  pores  or  voids  by  capillary  action  or  other- 
wise. If  the  pores  or  voids  between  the  grains  or  particles  or  in  the 
individual  grains  are  sufficiently  large  and  connected  from  surface 
to  surface  of  the  wall,  the  concrete  will  be  permeable  to  water.  If 
the  pores  or  voids  are  very  minute,  but  connect  one  with  another, 
theoretically  they  may  act  as  capillary  tubes,  absorbing  or  drawing  in 
and  filling  themselves  with  water;  but  the  capillary  forces  will  tend 
to  hold  the  water  in  the  pores  and  will  prevent  the  passage  or  flow 
of  water,  even  though  one  surface  of  the  wall  may  be  exposed  to  a 
considerable  hydrostatic  pressure.  For  all  practical  purposes  a  wall 
under  such  conditions  would  be  considered  perfectly  water-tight  and 
impermeable,  although  it  may  be  highly  absorptive.  If  these  minute 
pores  do  act  as  capillary  tubes  and  are  never  minute  enough  to  prevent 
capillary  action,  the  moisture  either  as  water  or  water  vapor  would 
in  time  penetrate  entirely  through  and  fill  a  concrete  wall,  no  matter 
what  the  thickness  or  composition.  In  such  a  case  the  capillary  forces 
would  not  permit  an  actual  flow  of  water,  but  these  forces  may  carry 
moisture,  entirely  filling  the  wall,  and,  unless  evaporation  is  retarded, 
the  opposite  face  of  the  wall  would  appear  dry.  In  such  a  case  the 
concrete  would  be  considered  impermeable,  but  not  damp-proof. 

"The  damp-proofing  tests  as  conducted  would  indicate  that  Portland 
cement  mortars  can  be  made  not  only  impermeable  but  damp-proof  as 
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well,  as  defined  above,  without  the  use  of  any  damp-proofing  or  water- 
proofing compound.  However,  these  tests  should  be  interpreted  with 
caution,  as  the  evaporation  may  have  been  sufficient  to  care  for  the 
slight  amoimt  of  moistxire  coming  through  the  test  pieces  without 
indicating  on  the  filter  paper.  Thus  it  cannot  be  stated  that  if  a  material 
were  used  which  was  damp-proof  according  to  this  test,  if  used  as 
a  basement  wall,  one  surface  being  constantly  exposed  to  moisture 
and  the  other  surface  in  an  inclosed  room  where  there  would  be  little 
or  no  circulation  of  air,  that  the  interior  surface  would  not  appear 
damp  and  the  atmosphere  become  saturated  with  moisture.  The 
tests  of  coating  materials  as  damp-proofing  mediums  can  be  considered 
as  only  preliminary,  but  the  results,  considered  along  with  the  chemical 
discussion,  throw  some  light  on  their  comparative  merits.  The  mortar 
used  in  these  test  was,  perhaps,  too  coarse  and  too  absorptive  for  a 
fair  test.  The  purpose  of  the  rough  surface  was  to  test  the  flowing 
qualities  of  the  coating,  and  it  would  seem  that  many  of  the  failures 
may  be  due  to  the  poor  or  imperfect  spreading  and  adhesive  quality. 
Several  of  the  compounds  deteriorated  and  proved  their  unfitness  for 
the  purpose  intended. 

"Well-graded  sands  containing  considerable  graded  fine  material 
are  preferable  for  making  impermeable  concrete,  but  if  such  is  not 
to  be  had,  fine  material  in  the  form  of  hydrated  lime,  finely  ground 
clay,  or  an  additional  quantity  of  cement  will  be  found  of  value. 

''Where  Portland  cement  mortar  is  used  as  a  plaster  coat,  if  sufficient 
cement  be  used  and  the  sand  contains  sufficient  fine  material  (or  a 
fine  material  be  added)  and  the  mortar  be  placed  without  joints  and 
well  troweled  (care  being  taken  not  to  overtrowel,  which  may  cause 
crazing),  the  coating  will  be  effective  as  an  impermeable  medium 
without  the  use  of  any  waterproofing  compound. 

"As  a  precaution,  under  certain  conditions,  it  is  undoubtedly  de- 
sirable to  use  bituminous  or  similar  coatings,  even  on  new  work,  as 
protection  where  cracks  may  occur  due  to  settling  of  foundation  or 
expansion  and  contraction  caused  by  temperature  changes.  In  large 
or  exposed  work  it  is  practically  impossible  to  prevent  some  cracks, 
but  where  cracks  can  be  prevented  no  coating  whatever  is  required 
to  make  the  structure  impermeable. 

"The  permeability  of  Portland  cement  mortars  and  concretes  rapidly 
decreases  with  age. 

"None  of  the  integral  compoimds  tested  materially  reduced  the 
absorption  of  the  mortars  before  they  were  dried  by  heating  at  212**  F. 
Thus  they  would  have  little  or  no  practical  value.  But  some  of  the 
so-called  integral  waterproofing  compounds  did  decrease  the  absorption 
obtained  after  drying  the  mortars  at  212^  F.,  and  the  rate  of  absorption 
was  much  slower  in  these  cases.  The  addition  of  hydrated  lime  and 
clays  seemed  to  have  little  or  no  efifect  on  the  absorption. 


652      REINFORCED  CONCRETE  CONSTRUCTION 

"The  addition  of  any  of  the  compounds  tested  to  a  mortar  in  the 
quantities  as  used  in  these  tests  does  not  seriously  affect  the  com- 
pressive or  tensile  strength.  The  addition  of  the  inert  void  fillers 
to  mortars,  as  used  in  these  tests,  up  to  20  per  cent  of  the  volume  of 
cement  increases  the  compressive  strength." 

Efflorescence  is  the  term  applied  to  the  Whitish  or  the  yellowish 
accumulations  or  stains  which  often  appear  on  concrete  surfaces 
exposed  to  the  action  of  the  weather,  and  which  are  due  to  the 
leeching  out  of.  lime  or  other  chemical  salts.  The  prevention  of 
efflorescence  seems  to  lie  in  the  direction  of  more  impervious 
concrete.  Great  care  should  be  exercised  at  joints  and  in  de- 
positing materials  so  as  to  preclude  superficial  cracks,  even  of 
minute  size.  The  more  nearly  waterproof  the  concrete,  the  less 
efflorescence  will  show  on  the  surface. 

104.  Waterproof  Coatings  or  Washes. — Various  methods  of 
treating  the  siu^ace  of  concrete  have  been  employed  to  increase 
the  water-tightness.  The  main  objection  to  the  use  of  any  of 
these  methods  lies  in  the  fact  that  a  coating  is  usually  rendered 
worthless  by  any  minute  crack  in  the  concrete. 

The  materials  employed  as  surface  coatings  may  be  grouped 
in  the  following  classes: 

(1)  Alum  and  soap  mixtiu*es  applied  in  alternate  coats,  popu- 
larly known  as  "Sylvester"  process. 

(2)  Alum,  lye,  and  cement  washes. 

(3)  Cement  grout,  with  or  without  the  addition  of  water- 
repellents. 

(4)  Paraffine  and  other  mineral  bases,  applied  cold  in  solution 
or  prepared  in  melted  condition. 

(5)  Miscellaneous  materials  of  unknown  composition  and  sold 
under  trade  names. 

(6)  Specially  prepared  bituminous  products. 

All  of  the  above,  except  the  materials  of  class  6,  are  applied  to 
the  surfaces  directly  exposed  to  the  action  of  water.  In  the  case 
of  class  6,  however,  to  application  is  made  to  the  inner  surface 
of  exposed  building  walls,  the  function  of  bitiuninous  products  in 
this  position  being  not  only  to  damp-proof  but  to  serve  as  an  in- 
sulating film  against  rapid  changes  in  temperature  and,  in  some 
cases,  to  replace  furring  and  lathing  since  plaster  may  be  directly 
applied  to  such  coatings. 

Before  applying  any  coating  it  is  important  that  the  surface 
be  clean,  free  from  foreign  matter,  and  in  most  cases  dry.    The 
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surface  should  also  be  thoroughly  chipped  (or  wire-brushed)  not 
more  than  two  days  prior  to  the  application  of  the  waterproof 
coating.  The  coating  should  be  homogeneous,  continuous,  sound 
and  uniform;  and  careful  connection  should  be  made  to  the  preced- 
ing day's  work. 

The  well-known  Sylvester  method  is  probably  the  most  eflfec- 
tive  method  of  rendering  set  concrete  waterproof  by  means  of 
coatings  or  Washes.  The  alum  and  soap  penetrate  the  pores  of 
the  concrete  forming  insoluble  compounds  due  to  chemical  action 
between  the  almn  and  soap  solutions,  and  these  compounds  pre- 
vent percolation.  The  proportions  generally  used  are  three- 
quarters  (f)  of  a  pound  of  soap  to  one  (1)  gallon  of  water,  and 
two  (2)  ounces  of  alum  to  one  (1)  gallon  of  water,  both  substances 
to  be  perfectly  dissolved  in  water  before  using.  The  temperature 
of  the  air  should  not  be  less  than  50°  F.  at  the  time  of  application 
of  the  washes.  Both  solutions  should  be  applied  with  a  soft, 
flat  brush  (one  for  each  solution),  the  soap  solution  boiling  hot, 
and  the  alum  solution  at  60*^  to  70°  F.  The  soap  solution  is  ap- 
plied first  and  allowed  to  dry — usually  for  24  hours — then  the 
alum  solution  is  applied  and  allowed  to  dry  for  the  same  length 
of  time.  This  constitutes  one  treatment,  and  as  many  treatments 
may  be  given  as  is  necessary.  The  solutions  should  be  Well 
rubbed  in,  but  care  must  be  taken  to  avoid  frothing  in  appljring 
the  soap  wash. 

106.  Introduction  of  Foreign  Ingredients. — There  are  two 
methods  of  rendering  concrete  water-tight  by  the  introduction  of 
foreign  ingredients:  (1)  adding  a  single  inert  void-filling  substance; 
and  (2)  adding  one  or  more  substances  which  by  action  upon  the 
cement  or  between  themselves  may  produce  a  void-filling  material. 
Foreign  ingredients  may  also  be  designated  by  their  capillary 
attraction  for  water — such  as  lime,  puzzolan  cement,  and  clay — 
or  by  their  capillary  repulsion  for  water,  such  as  almn  and  soap, 
wax,  and  a  number  of  proprietary  compounds. 

Bulletin  No.  46— Office  of  Public  Roads,  Washington,  D.C.— 
explains  a  very  simple  method  of  damp-proofing  concrete  by  the 
incorporation  of  mineral  oil  residuum  with  the  ordinary  concrete 
mixtures.  It  also  describes  the  application  of  oil-mixed  Port- 
land cement  concrete  to  several  much-used  types  of  structures  in 
which  a  damp-proofed  building  material  would  be  of  benefit. 

106.  Layers  of  Waterproofing  Material. — The  waterproofing 
of  concrete  by  the  use  of  layers  of  waterproofing  material  is  known 
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as  the  membrane  method,  and,  strictly  speaking,  is  not  a  method 
of  rendering  concrete  impervious.  Layers  of  Waterproofing  mate- 
rials used  in  this  method  range  from  ordinary  tar  paper  laid  with 
coal-tar  pitch  to  asbestos  or  asphalted  felt  laid  in  asphalt.  Both 
the  cementing  materials  and  the  fabrics  should  be  elastic  and 
durable,  and  should  retain  these  properties  throughout  the  range 
of  temperature  to  which  they  may  possibly  be  subjected  after 
being  placed  in  the  work.  In  this  connection  the  student  should 
read  Art.  35  which  treats  of  separate  roof  coverings. 

It  is  difficult  to  make  a  bituminous  sheet  adhere  to  a  surface 
that  is  either  too  rough  or  too  wet,  or  to  one  possessing  too  fine  a 
glaze  due  to  richness  of  cement  surface.  On  this  account  all 
surfaces  to  be  waterproofed  should  be  as  smooth  as  possible  and 
should  be  clean  and  dry.  The  concrete  should  be  allowed  to  set 
thoroughly,  and  all  uneven  surfaces  should  be  leveled  up  with  a 
coat  of  cement  mortar.  Sharp  projections  on  the  masonry 
should  be  removed  or  they  Will  puncture  the  waterproofing. 
Coritinuity  of  work  is  extremely  important. 


CHAPTER  XXIV 

CONSTRUCTION  PLANT 
By  a.  W.  Ransomb, 

Vice-President  of  the  Ranaome  Concrete  Machinery  Co. 

107.  General  Discussion. — Positive  laws  cannot  be  laid 
down  under  which  to  select  plant  for  any  and  all  types  of  con- 
struction, yet  it  is  possible  to  formulate  a  few  general  rules  to  guide 
in  plant  selection,  to  give  examples  of  typical  plants  adapted  to 
broad  classes  of  work,  and  to  indicate  a  few  of  the  possible  varia- 
tions from  the  plants  selected  as  typical.  This  is  the  aim  of  the 
chapter.  A  study  of  the  plants  illustrated  will  give  a  fairly  com- 
prehensive idea  of  what  has  already  been  done  by  practical  and 
successful  workers  in  the  field,  and  should  result  in  helpful 
suggestions. 

Inasmuch  as  plant  is  in  reality  but  a  substitute  for  labor,  it 
would  seem  obvious  that  no  more  should  be  invested  in  plant 
than  will  yield  a  good  return.  This  relation  between  plant  and 
labor  is  apparently  ignored  in  many  instances,  and  plant  charges 
are  incurred  out  of  all  proportion  to  the  volume  of  work  to  be  done. 
Such  a  comparison,  however,  whether  made  directly  or  indirectly, 
between  hand  labor  and  the  proposed  plant,  or  between  this  and 
that  plant,  must  ultimately  be  made  if  the  selection  is  to  stand  the 
test  of  experience. 

The  selection  of  plant  and  the  purchase  of  machinery  has  to  a 
large  extent  been  more  or  less  haphazard.  Contractors  and 
engineers,  experienced  and  successful  men,  have  been  slow  to 
awake  to  the  possibilities  for  loss  or  gain  afforded  by  plant  selec- 
tion; but  it  is  nevertheless  deserving  of  careful  study. 

There  seems  to  be  a  strong  tendency  toward  excess  in  plant 
expenditure,  and  a  fact  worthy  of  note  is  the  tendency  toward 
simplicity  in  plant  upon  the  part  of  those  engineers  and  contract- 
ors whose  experience  and  success  in  the  field  entitles  them  to  be 
considered  as  leaders. 

It  has  been  stated  again  and  again  in  such  books  and  technical 
papers  as  treat  upon  the  subject,  that  manufacturers  of  plant 
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tend  to  overrate  their  machines,  and  that  the  careful  engineer 
should  purchase  plant  with  possibly  double  the  rating  actually- 
required.  This  practice  is  wasteful,  and  if  carried  out  in  all 
directions  will  spell  failure.  It  is  a  simple  matter  to  estimate  the 
operating  speed  upon  which  the  manufacturer  bases  his  ratings, 
and  from  this  to  determine  whether  or  not  you  can  maintmn 
such  speed  under  the  conditions  which  will  prevail  on  your  work. 

The  advisability  of  machine  mixing  wherever  practicable  will 
be  conceded  by  anyone  devoting  thought  to  the  subject.  There 
are,  for  instance,  well-defined  advantages  of  economy  in  labor, 
in  greater  uniformity  of  product,  and  in  greater  speed  in  construc- 
tion. An  efficient  concrete  plant  is  also  an  excellent  pacemaker 
and  this  fact  alone  is  an  important  factor  in  making  for  general 
adoption  of  mechanical  mixing. 

There  are,  of  course,  many  small  jobs  on  which  the  possible 
savings  would  be  more  than  offset  by  the  cost  of  installation  of  a 
concrete  mixer.  For  our  purpose,  however,  we  may  very  well 
leave  such  jobs  out  of  consideration,  and  consider  only  work  of  a 
size  sufficient  to  warrant  plant  of  one  kind  or  another. 

108.  The  Mixing  Cycle. — In  considering  the  possibilities  of 
a  plant,  it  is  best  to  consider  the  cycle,  of  mixing  as  complete  in 
three  operations — namely:  charging,  mixing,  and  discharging — 
and  for  our  present  purpose  we  shall  consider  plant  as  referring  to 
a  mixer  with  a  capacity  of  i  cu.  yd. 

In  charging  a  mixer  a  limit  is  set  by  the  physical  laws  governing 
the  flow  of  materials  from  one  container  to  another,  and  true 
effectiveness  is  more  or  less  attained  according  as  this  limit  is  more 
or  less  nearly  approached.  In  illustration  of  this  principle  con- 
sider a  half-yard  capacity  machine  equipped  with  feed  chute 
(Fig.  382).  To  handle  the  full  batch,  proportions  1:3:6  will 
require,  with  the  ordinary  barrow  (Fig.  383)  containing  3  cu.  ft., 
a  procession  of  7  men  as  indicated  (Fig.  384) ;  and  for  each  man 
in  the  procession  to  wheel  up,  discharge  his  load  into  the  machine, 
and  make  way  for  the  next,  will  occupy  on  the  average  6  seconds, 
making  the  total  time  for  assembly  of  the  batch  42  seconds.  This 
time  may  be  substantially  cut,  under  favorable  conditions,  by  the 
use  of  carts  containing  6  cu.  ft.,  instead  of  the  smaller  barrows; 
or  by  the  substitution  of  a  charging  car.  Similarly,  where  a 
fixed  charging  hopper  (Fig.  385)  is  used,  the  controlling  factor 
(since  the  dumping  time  for  barrows  can  be  overlapped  on  the 
mixing  and  discharge  operations)  is  the  time  required  for  the  flow 
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Fig.  382. 


Fio.  383. 
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of  material  from  hopper  to  mixer,  averaging  10  seconds.  With 
a  pivot  charging  hopper  (Kg.  386),  there  must  be  added  the  time 
required  for  elevating  the  hopper,  say  10  seconds.  This  time 
may  be  saved  by  installing  slightly  heavier  power  equipment,  to 
permit  overlapping  this  operation  on  the  mixing  and  discharging 
operations. 

The  foregoing  discussion  indicates  sufficiently  for  our  purpose 
the  hmiting  factors  affecting  the  charging  of 
the  mixer,  the  mixing  and  the  discharge — 
limits  set  being  taken  from  personal  observa- 
tion on  actual  operations.  The  purpose  of 
this  short  analysis  will  be  manifest  when  we 
come  to  a  consideration  of  co-ordination  of 
plant. 

Thorough  mixing  of  materials  is  quickly 
accomplished  in  any  standard  mixer,  30  sec- 
onds being  ordinarily  enough  for  the  purpose. 
Modem  mixers  are  driven  16  to  20  revolutions 

nper  minute,  and  at  each  revolution  effect  4 
or  more  complete  turns  of  materials,  from 
which  it  will  be  appreciated  that  30  seconds 
allowed  for  the  mixing  operations  is  sufficient. 
It  may  be  thought  that  good  results  are  not 
obtained  in  so  short  a  period,  yet  the  fact  re- 
mains that  this  speed  has  been  maintained 
day  in  and  day  out,  the  resultant  product 
standing  favorable  comparison  with  similarly- 
proportioned  concrete  mixed  under  other 
conditions  for  longer  periods.    There  is,  un- 

R  fortunately,  a   tendency  upon  the  part  of 

engineers  and  contractors  to  consider  their 
work  done  when  the  mixer  is  purchased  and 
Fig.  384.  installed.     The  purchase  and  installation  of 

the  mixer  is  only  the  beginning,  and  the 
organization  of  the  mixing  crew,  the  regulation  of  the  propor- 
tions of  water,  and  the  order  of  feeding  materials  in  the  drum 
should  be  intelligently  directed,  rather  than  left  to  rule  of  thiunb 
as  applied  by  the  ordinary  operator. 

For  quick  and  thorough  mixing,  water  should  first  be  fed  into 
the  mixer,  and  this  water  should  be  uniform  in  amoxmt.  The 
speed  of  the  mixer  drum  can  be  varied  with  advantageous 


CONSTRUCTION  PLANT 


559 


results  according  to  the  character  of  material  and  the  consistency 
of  the  mix.  In  other  words,  it  pays  to  study  your  plant  in  order 
to  learn  its  limits.  The  possibilities  are  a  batch  every  minute, 
and  one's  aim  should  be  the  closest  possible  approximation  to  the 
possible,  consistent  with  available  labor  and  with  the  available 
amount  for  plantage. 

To  discharge  a  mixer  requires  10  to  20  seconds,  depending  upon 
the  consistency  of  the  batch  and  the  size  thereof.  An  important 
factor  in  discharge  is  the  speed  of  the  mixing  drum,  as  a  varia- 
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tion  of  5  to  8  revolutions  of  the  drum  may  result  in  a  variation 
in  discharge  of  10  to  30  seconds. 

We  have  touched  at  some  length  on  the  above  details  of  mixer 
operation,  as  they  are  really  important  guides  in  plant  selection. 
This  knowledge  of  plant  operation  should  extend  to  and  cover 
thoroughly  the  effect  of  varying  drum  speeds  on  mixing  and  dis- 
charge operations  and  the  effect  of  varying  amounts  of  water  on 
these  operations.  As  an  indication  of  results  possible  in  this  di- 
rection, let  us  cite  the  following: — with  batches  of  uniform  consis- 
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tency,  drum  speeds  of  12,  14,  16,  18,  20,  21;  22,  24  revolutions 
resulted  in  the  discharge  of  the  complete  batches  as  follows,  in 
seconds:  26,  22, 18,  15,  12,  10,  12, 16,  indicating  clearly  maximum 
results  at  21  seconds.  Similarly  with  constant  drum  speed  and 
varying  quantities  of  water  the  following  results  were  noted: 

Gals,  of  water  per  20  cu.  ft.  batch 10  15  20  25  27  29  30  31  33  38 

Time  of  discharge  in  seconds 18  22  20  15  12  11  10  11  15  22 

A  similar  series  of  observations  were  made  as  regards  the  effect 
of  varying  amounts  of  water  on  time  of  mixing  and  on  power  re- 
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quired  to  drive  the  mixer,  showing  acceleration  of  mixing  process 
as  more  water  was  added  up  to  H  gal-  to  the  cubic  foot.  The 
power  consumed  decreased  with  the  addition  of  water  to  the 
amount  of  i  gal.  to  the  cubic  foot,  remaining  stationary  up  to 
1  gal.  to  the  cubic  foot,  and  then  gradually  increasing  as  more 
water  was  added. 

109.  Plant  Economics. — Aside  from  first  cost  of  plantj  various 
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other  elements  must  be  carefully  considered — namely:  cost  of  in- 
stallation; cost  of  operation;  cost  of  maintenance;  cost  of  removal; 
and  interest  on  the  investment.  All  these  items  must  be  con- 
sidered as  against  the  resultant  saving  in  labor,  and  the  salvage 
value  that  the  plant  will  have  when  the  work  is  completed. 

In  general  the  plant  best  suited  to  the  work  is  cheapest,  regard- 
less of  whether  or  not  iSrst  cost  is  a  few  dollars  more  than  some- 
thing less  suited  to  conditions.  First  cost  has  perhaps  a  less 
important  influence  on  final  results  than  cost  of  operation  and 
maintenance,  and  in  many  cases  the  higher  salvage  return  will 
offset  a  higher  first  cost  to  a  large  degree. 

Cost  of  installation  includes  freight,  cartage,  and  erection — all 
of  these  elements  varying  with  the  character  of  the  plant,  location 
of  the  work  with  respect  to  the  source  of  supply,  etc. 

Cost  of  operation  depends  primarily  upon  plant  arrangement 
and  organization — principally  the  latter.  Properly  handled, 
concrete  plant  becomes  an  important  factor  in  setting  the  pace 
for  the  work.  The  plant  should  preferably  be  of  a  size  and  ca- 
pacity to  permit  of  continuous  operation  during  working  hours, 
and  the  balance  of  the  organization  and  equipment  be  so  co- 
ordinated as  to  permit  this  result. 

110.  Conditions  Governing  Plant  Design; — The  character  and 
arrangement  of  the  plant  depends,  to  a  large  extent,  upon  local 
conditions,  such  as  the  contour  of  the  ground  and  the  character 
of  construction;  also  the  manner  in  which  the  materials  are  to  be 
delivered  to  the  site,  whether  in  cars,  or  wagons,  regularly  or 
irregularly,  has  an  important  bearing  on  the  type  of  plant. 
Similarly,  the  matter  of  total  yardage  to  be  placed,  of  time  limit 
set  for  the  work,  of  bonus  of  penalty,  all  will  have  a  bearing  on 
plant  selection. 

Other  considerations,  which  may  materially  affect  the  selec- 
tion, are  the  amount  of  ground  available  for  material  storage, 
and  the  time  of  year  during  which  the  operation  must  be  car- 
ried on — winter  work  requiring  very  different  plant  arrange- 
ment from  summer  work. 

Contour  of  the  ground  is  principally  effective  in  determining 
the  location  of  the  plant  with  respect  to  the  work  and  the  storage 
of  materials.  For  example  a  steep  slope  will  often  make  advis- 
able a  system  of  overhead  bins  with  gravity  feed,  which  under 
other  conditions  would  not  be  advisable. 

The  general  layout  of  the  work  will  usually  be  the  determining 
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factor  in  the  adoption  of  means  for  handling  mixed  concrete, 
subject  of  course  to  the  modiiScations  imposed  by  total  yardage, 
etc.  It  may  make  for  the  adoption  of  two  or  more  separate 
installations,  rather  than  one  central  plant,  or  it  may  cause  the 
adoption  of  a  portable  plant,  rather  than  a  stationary  one. 

Delivery  of  materials  is  principally  eflfective  in  determining  the 
arrangements  for  storage  of  raw  materials. 

Total  yardage,  time  limit,  etc.,  are  generally  the  controlling 
factors  in  determining  the  amount  available  for  plantage. 

Having  determined  the  amount  available  for  plantage,  the 
problem  changes  more  or  less  and  becomes  one  of  proper  co-or- 
dination of  the  various  elements,  a  fitting  of  one  into  the  other,  a 
balancing  as  it  were.  Careful  study  of  plant  is  well  repaid  in 
results,  and  a  well-balanced  plant  is  invariably  profitable.  The 
installation  of  mixer  capacity  for  40  cu.  yd.  per  hour,  in  connec- 
tion with  charging  facilities  for  only  20  yd.  per  hour,  or  with 
provision  for  handling  mixed  materials  at  the  rate  of  20  yd.  per 
hour,  is  waste.  The  illustration  might  be  elaborated,  as  many 
such  conditions  occur  quite  often  in  actual  practice. 

111.  Types  of  Mixers. — Considered  broadly,  mixers  may  be 
divided  into  drum  mixers;  troiigh  mixers;  gravity  mixers;  and 
pneumxitic  mixers. 

Drum  mixers  may  again  be  divided  into  tilting  mixers  (Smith 
Type)  and  nonAiUing  (Ransome  Type).  In  the  former  class  the 
mixing  drum  is  mounted  on  a  swinging  frame,  and  the  discharge 
of  mixed  materials  is  accomplished  by  a  tipping  of  the  frame  and 
drum.  In  the  latter  class  mixed  materials  are  drawn  out  through 
a  chute  inserted  into  the  drum. 

Trough  mixers,  as  a  whole,  may  be  designated  as  paddle  mixers, 
though  the  paddles  may  vary  in  form  from  a  broken  worm  through 
the  various  stages,  to  the  continuous  worm,  and  the  conveyor 
flight  may  be  single  or  double,  of  varying  or  uniform  pitch. 

Gravity  mixers  are  of  the  same  general  characteristics,  depend- 
ing for  success  upon  a  series  of  deflections,  chains,  pegs,  or  conical 
hoppers,  for  the  mixing  action.  They  are  not  adapted  to  building 
work  in  any  case,  and  do  not  deserve  serious  consideration  here. 

Pneumatic  mixers  include  the  various  types  of  penumatic 
mixers  developed  during  the  past  two  or  three  years  by  Wm.  L. 
Canniff,  A.  W.  Ransome,  McMichael,  and  Eichelberger.  In 
the  Ransome  and  Canniff  mixers  the  materials  are  first  mixed 
by  air  in  a  container,  and  the  mixed  concrete  then  forced  out 
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through  pipes  to  its  ultimate  destination.  In  the  McMichael 
and  Eichelberger  machines,  the  materials  are  assembled  in  a 
container  and  forced  through  pipes  without  permixing.  These 
latter  machines  depend  for  successful  results  upon  such  mixing 
action  as  may  take  place  in  transit  through  the  pipe. 

The  above  grouping  of  mixers,  being  largely  based  upon 
mechanical  details  fully  described  in  advertising  literature  and 
current  technical  papers,  is  not  one  upon  which  we  need  enlarge 
here.  We  are  interested  in  the  general  application  of  plant  to 
construction  work,  rather  than  in  any  special  mechanical  device. 
It  will  be  readily  appreciated  that  for  building  construction  (which 
is  the  special  object  of  consideration  here)  a  machine  of  the  drum 
type  is  preferable,  and  our  remarks  will  be  mainly  devoted  to  this 
type  of  machine,  with  a  mental  reservation  to  the  effect  that, 
under  special  conditions,  mixers  of  other  types  might  be  advan- 
tageously substituted;  and  that  while  we  use  illustrations  of  a 
specific  machine,  we  do  so  for  the  sake  of  clearness. 

112.  Storage  of  Materials. — One  of  the  first  problems  for  con- 
sideration is  the  storage  of  materials.  In  many  cases  no  special 
provision  need  be  made;  but,  on  other  work,  the  handling  of 
materials  economically  warrants  more  or  less  investment  to  this 
end. 

Storage  must  be  provided  for  enough  material  to  ensure  against 
shut-downs,  or  operating  at  part  capacity.  If  space  is  not 
available  on  the  site,  it  should  be  secured  elsewhere;  a  vacant 
lot  close  by  will  serve  for  a  reserve  against  emergency. 

Whenever  possible,  the  force  of  gravity  should  be  called  into 
play,  and  the  natural  advantage  of  the  site  utilized  to  the  fullest 
extent.  Since  under  ordinary  conditions  there  is  double  the 
quantity  of  stone,  as  compared  with  sand,  stone  should  be 
placed  in  the  most  favorable  position  as  regards  subsequent 
handling.  Likewise,  the  position  of  the  sand  should  have  more 
consideration  than  that  of  the  cement. 

Too  little  attention  is  directed  to  the  care  of  materials  upon 
delivery  to  the  work.  Cement  is  often  carelessly  protected 
against  the  weather,  and  stone  is  dumped  indiscriminately  on 
the  site,  resulting  in  subsequent  unnecessary  handling  or  loss 
due  to  the  admixture  of  dirt  and  rubbish.  There  are  very  few, 
if  any,  jobs  where  it  will  not  prove  economy  to  carefully  level 
the  ground  selected  for  storage,  and  to  cover  the  ground  under 
the  stone  pile  with  1  or  2  in.  of  sand,  the  cost  of  which  will  be 
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saved  in  increased  efficiency  of  the  men  who  must  subsequently 
shovel  the  stone. 

An  excellent  plan  for  material  storage  is  shown  in  Fig.  387. 
This  plant,  consisting  of  a  hopper,  elevator,  5-h.p.  motor,  timber 
bulkheads  and  6  bin  gates,  involved  an  investment  of  apprxoi- 


/ 


PL— ft 


F=? 


E 


<^         PartUioa 


Fig.  387. 

mately  $500;  but  all  shoveling  of  sand  and  stone  was  eliminated, 
witli  the  result  that  the  crew  necessary  for  charging  the  mixer 
fj  yd.  size)  was  cut  from  12  to  6  men,  and  the  unloading  of 
matt'rials  delivered  in  bottom  dump  cars  was  cut  from  10  to  a 
little  less  than  5  cents  per  cubic  yard,  including  cost  of  electric 
current  and  the  time  of  the  necessary  attendant. 
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Fig.  388  illustrates  storage  arrangements  and  handling  facili- 
ties as  installed  in  connection  with  a  large  building  for  the  Singer 
Manufacturing  Company  at  Elizabethsport,  New  Jersey.  The 
available  storage  space  in  this  instance  was  a  narrow  strip  20  ft. 
wide  between  the  railroad  track  and  the  building,  of  which  the 
work  in  question  formed  an  extension.  A  trench  was  made, 
extending  the  length  of  this  available  space,  and  this  was  sheathed 
and  converted  into  a  tunnel  by  a  covering  of  2-in.  plank.  In 
the  bottom  of  the  trench  was  laid  a  suitable  track  for  the  opera- 
tion of  a  skip  car.  On  the  ledger  pieces  were  mounted  two  saw- 
toothed  measuring  hoppers,  iStted  with  wheels. 


Materials  were  unloaded  from  the  cars  and  piled  over  the 
trench,  sand  and  stone  in  alternate  piles.  The  saw-toothed 
measuring  hoppers  were  kept  continually  against  the  toe  of  the 
sand  and  stone  piles  to  facilitate  charging  by  breaking  down  of 
the  face  of  the  piles.  Four  men  in  this  way  handled  the  materials 
for  about  30  cu.  yd.  of  concrete  per  hour.  Materials  were  auto- 
matically dropped  from  the  measuring  hoppers  into  the  skip  car 
as  it  passed  below  the  hoppers  on  its  way  to  the  mixer.  The  A 
frame  shown  in  Fig.  389  has  been  used  to  good  advantage  as  a 
substitute  for  the  trench.  With  this  arrangement  one  man  only 
was  needed  to  charge  the  measuring  hopper. 

42 
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113.  Measurement  of  Materials. — Materials  may  be  measured 
by  volimie  or  by  weight,  with  practice  tending  strongly  toward 
measurement  by  voIimie  as  being  easier,  and,  with  ordinary 


Fig.  390. 

precautions,  equally  accurate.  The  very  common  tendency, 
however,  toward  the  use  of  the  ordinary  round  or  oval  tray 
barrow  for  measurement  is  to  be  avoided,  as  accuracy  is  unat- 


Fio.  391. 

tainable  by  such  means.  In  all  cases,  a  receptacle  used  for 
measuring  materials  should  have  a  top  which  is  straight  and 
materials  should  be  struck  off  flush. 


668      REINFORCED  CONCRETE  CONSTRUCTION 

An  excellent  type  of  measuring  barrow  is  shown  in  Fig.  390 
and  a  larger  6  cu.  ft.  capacity  cart  suitable  for  this  purpose  is 
shown  in  Fig.  391.  The  fixed  charging  hopper  shown  in  Fig.  386 
is  suitable  for  measurement;  but,  owing  to  the  large  area  of  the 
top,  slight  variations  in  relative  height  of  materials  and  top  of 
hopper  produce  considerable  difference  in  the  quantity  of  mate- 
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rials.  An  improved  type  of  fixed  measuring  hopper  is  shown  in 
Fig.  392.  The  pivot  charging  hopper.  Fig.  386,  and  sliding  pivot 
hopper,  Fig.  406,  are  not  suitable  for  measuring.  Where  these 
devices  are  used,  measurement  of  materials  should  take  place  in 
suitable  barrows,  carts,  or  cars.  Skip  cars  are  not  suitable  for 
measuring,  and  should  be  used  in  connection  with  sav>4oothed 
hoppers  or  other  similar  devices.  , 
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114.  Placing  of  Concrete. — Inasmuch  as  we  are  considering 
plants  adapted  to  building  construction,  a  hoist  of  some  sort  is 
an  essential  part  of  the  equipment.  It  will  ordinarily  be  found 
advisable  to  install  the  hoist  at  the  beginning  of  operations, 
since  by  so  doing  the  mixer  may  readily  be  set  so  that  the  opera- 
tion of  charging  may  be  facilitated,  principally  by  cutting  out 
inclines,  with  resultant  saving  in  labor. 


Fig.  393. 


A  typical  hoist  is  shown  in  Fig.  393,  operating  in  connection 
with  a  mixer,  the  power  being  taken  from  an  extension  of  the 
mixer  shaft.  The  power  equipment  of  the  latter  is  of  sufl&cient 
capacity  to  operate  both  mixer  and  hoist  at  one  and  the  same 
time.  A  variation  of  this  plant  showing  a  direct-connected 
hoist  is  shown  in  Fig.  394,  but  for  ordinary  conditions  the  first 
described  arrangement  is  preferable. 

At  any  desired  height  a  bin  or  hopper  is  set,  into  which  the 
material  is  discharged  by  the  hoist  bucket.     From  this  point 
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Fig.  394. 


Fig.  396. 
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distribution  may  be  effected  by  wheelbarrow,  cart,  car,  or  spout, 
either  alone  or  in  combination. 

The  addition  of  a  platform  hoist  may  be  readily  secured  from 
a  number  of  manufacturers.     A  platform  hoist  is  shown  in  Fig.  395. 

In  many  instances  wheelbarrow  or  cart  distribution  is  de- 
manded by  the  amount  of  materials  involved,  and,  where  either 
barrow  or  cart  is  used,  substantial  runways  are  essential  and 
result  in  economy.  The  runways  should  be  of  ample  width  for 
barrows  to  pass  freely,  and  a  broad  turnout  should  be  provided 
at  the  concrete  bin.  Suitable  barrows  and  carts  are  shown  in 
Figs.  383  and  391. 


Fig.  396. 


Distribution  by  cars  is  largely  used  by  the  Aberthaw  Con- 
struction Company,  and  in  Fig.  396  is  shown  the  type  of  car 
they  have  adopted  for  this  work.  Fig.  159  illustrates  the  system 
of  operation. 

The  handling  of  concrete  through  spouts  or  chutes  is  of  com- 
paratively recent  development,  and,  as  in  many  other  develop- 
ments, there  has  been  a  tendency  to  overdo.  Spouting  systems 
have  been  installed  on  many  buildings  where  the  distribution 
might  have  been  better  done  by  barrow  or  cart.     The  installa- 
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tion  of  a  spouting  system  is  expensive,  and  should  not  be  under- 
taken blindly;  nor  with  expectations  of  abnormal  savings. 

Spouting  plants  may  be  grouped  under  boom  plants,  guy-line 
plants,  and  tower  plants.  In  the  former,  Fig.  397,  the  spoutixig 
is  mounted  on  a  swivelled  bracket  at  the  tower  end,  and  the 
outer  end,  supported  by  a  boom,,  moves  freely  about  the  work. 


Fig.  397. — Boom  spouting  plant. 


A  second  length  of  spout  ordinarily  completes  the  unit.  This 
type  of  plant  has  a  greater  freedom  of  movement  than  either 
guy-line  or  tower  plants,  but  is  not  as  free  moving  as  might  be 
desired. 

Many  ways  have  been  tried  to  facilitate  ready  moving  of  the 
free  end;  none  of  them,  however,  proving  entirely  satisfactory. 
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A  suggestion  has  been  made  to  counterbalance  the  free  end; 
but  this  has  not  as  yet  been  tried  out. 

In  guy-line  plants,  Fig.  398,  the  spouting  is  suspended  by 
ordinary  blocks  and  falls  from  guy  lines  or  from  special  cables 
set  up  for  the  purpose.  In  some  cases  the  outer  end  of  the  cable 
is  mounted  on  a  portable  tower  or  A  frame,  and  the  blocks  and 
falls  are  preferably  arranged  so  that  necessary  adjustments  in 
the  line  may  be  made  from  the  ground. 


Fig.  398. — Guy-line  spouting  plant. 


In  tripod  plants,  Fig.  399,  movable  towers  are  used  to  support 
the  ends  of  various  sections  of  spouting. 

It  has  been  found  by  practical  experience,  that  concrete 
thoroughly  mixed,  and  of  proper  consistency,  will  flow  on  a 
slope  of  18  degrees,  with  the  best  results  obtained  at  23  degrees. 
These  slopes,  however,  are  based  upon  a  rigidly  supported  chute. 
Where  the  spouts  are  supported  from  guy  lines,  the  slope  must  be 
a  little  steeper,  preferably  27  to  30  degrees.  By  proper  con- 
sistency is  meant  a  mixture  with  approximately  1}  to  li  gal.  of 
water  to  the  cubic  foot  of  material.  There  should  be  just  as 
much  water  as  the  material  can  carry  without  separation,  so 
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that  the  stone  particles  will  be  carried  in  suspension  in  the  mass. 
There  should  be  a  sliding  of  materials  down  the  spout,  rather 
than  a  rolling. 

Various  types  of  spouting  have  been  tried,  ranging  from  round 
pipe  to  rectangular  troughs.  Best  results  have  been  secured 
from  the  use  of  5-in.  pipes,  or  10-in.  open  troughs,  the  latter 


Fig.  399. — Tripod  spouting  plant. 


having  the  preference  for  flat  slopes,  and  the  former  where  there  is 
necessity  for  varying  pitch,  with  a  likelihood  of  steeper  pit<jh 
than  named  above. 

With  open  spouting  the  use  of  remixing  hoppers  (Fig.  400),  in 
connection  with  flexible  spouting  (Fig.  401),  accomplishes  satis- 
factorily the  necessary  changes  in  pitch.     The  greatest  items  of 
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expense  in  spouting  plants  are  first  cost,  installation,  and  main- 
tenance. 

Maintenance  charges  are  particularly  heavy.  The  ordinary 
stock  spouting  which  is  made  of  No.  14  gage  metal  will  seldom 
handle  more  than  2000  yd.  without  renewal.     This  is  due  to  the 


Fig.  400. 

abrasive  action  of  the  material,  especially  as  affecting  the  rivets 
which  join  the  various  sections. 

A  recent  development  is  a  spout  made  up  of  two  or  more 
longitudinal  sections  of  the  shape  indicated  in  Fig.  402.  The 
various  sections  are  interchangeable,  and  there  are  no  bolts  or 
rivets  extending  through  the  spout,  all  joint  bolts  or  rivets  passing 
through  the  flanges,  and  the  various  longitudinal  joints  made 
secure  by  fish  plates.     This  type  of  spouting  has  the  further 
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Fig.  401. 


Fig.  402. 
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way  of  bucket  elevator  to  the  bins  above  the  mixer.  Once  in  the 
bins,  it  is  a  gravity  process  through  measuring  hopper  to  mixer. 
Messrs.  Cramp  &  Company  report  289  cu.  yd.  with  this  plant 
in  8i  hours,  with  a  crew  of  eight  men,  and  covering  all  handling 
from  wagons  and  cement  storage  to  delivery  bin  on  hoist  tow6r. 
The  mixer  is  }  yd.  capacity. 

'  Fig.  405  illustrates  an  arrangement  adopted  by  the  Turner 
Construction  Company  on  the  Bush  Stores,  South  Brooklyn. 
Materials  were  delivered  to  the  work  in  standard  cars,  and 
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unloaded  by  shovel  into  special  hoppers  as  indicated.  These 
hoppers  were  readily  portable,  and  each  hopper  had  a  capacity 
for  approximately  1  cu.  yd.  Materials  were  drawn  off  as  re- 
quired into  carts  with  a  capacity  of  6  cu.  ft.,  and  wheeled  to  the 
mixer  which  was  set  at  a  lower  level  so  that  the  fixed  hopper  was 
on  a  level  with  the  ground.  The  bumping  post  A  facilitated 
discharge  of  carts  into  the  hopper.  Carts  were  wheeled  up 
against  the  bumper  when  a  slight  lift  on  the  handles  did  the 
trick. 

Fig.  406  illustrates  the  plant  used  in  the  erection  of  the  build- 
ings for  Foster  Armstrong  Co.  at  Despatch,  New  York.  The 
work  on  these  buildings  was  carried  on  through  the  winter 
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months  and  the  bins  indicated  provided  the  readiest  m^ns  for 
heating  the  materials  to  the  desired  temperature  of  90  to  100°  F. 
An  auxiliary  measuring  tank  took  care  of  the  salt  solution  used 
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Fig.  406. 


in  the  concrete  mixture.  Steam  coils  also  served  to  warm  the 
water  used  in  mixing  the  concrete.  When  mixed,  the  concrete 
was  placed  immediately;  in  no  case  more  than  10  minutes  elapsed. 
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When  the  concrete  had  been  placed,  it  was  protected  against  the 
action  of  frost  by  a  solid  wood  covering,  blocked  up  at  least  6  in. 
above  the  surface  of  the  floor  in  a  manner  to  permit  free  circula- 
tion of  air  beneath  the  covering.  Heat  was  introduced  beneath 
the  floor  (or  in  the  case  of  ground  floors,  beneath  the  board 
covering)  by  means  of  steam-coils  and  salamanders,  provision 
being  made  for  the  escape  of  sufl5cient  steam  beneath  the  cover- 
ing to  prevent  premature  drying  out  of  the  concrete.  Sala- 
manders were  sprinkled  freely  with  water,  thus  producing  the 
necessary  amount  of  moisture,  and  small  openings  were  left  in 
the  floor  slab  to  permit  the  warm  air  to  circulate  over  the  upper 
surface  of  the  floor.     The  sides  of  the  floor  were  protected  by 


Fig.  407. 


canvas  curtains  which  extended  downward  to  the  floor  next 
below. 

There  were  placed  beneath  the  floor  and  beneath  the  panels  on 
top  of  the  floor,  at  intervals  of  10  ft.,  self-registering  thermom- 
eters, which  in  no  case  showed  lower  than  32  degrees.  This 
temperature  was  maintained  until  the  test  cubes  which  had  been 
allowed  to  set  on  the  floor  and  beneath  the  top  covering  showed 
the  strength  used  as  a  basis  for  the  design. 

The  extra  plant  involved  in  carrying  on  winter  work  involves 
considerable  outlay,  and  work  in  freezing  weather  should  not  be 

43 
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undertaken  without  a  thorough  understanding  of  all  that  is 
involved. 

Fig.  407  indicates  a  more  or  less  elaborate  plant,  designed  for 
large  work,  or  for  cramped  quarters.  The  plant  consists  of  a 
suitable  bucket  elevator,  designed  to  handle  the  entire  aggi*egate. 
This  elevator  discharges  the  materials  into  trough  screens  as 
indicated.  While  passing  through  these  screens,  the  coarse 
materials  are  washed  by  a  flow  of  water  applied  at  the  head,  and 
the  sand  is  still  more  thoroughly  washed  by  passing  through  the 
water  boot  and  inclined  worm.     The  washed  materials  are  dis- 


^^DEE] 


CLANT  NO.  1 


iUl«  El^^atiuti 


FiQ.  408. 


charged  from  the  first  flight  of  trough  screens  upon  inclined 
troughs  leading  to  a  fixed  measuring  hopper  at  the  mixer.  The 
lower  end  of  the  troughs  is  fitted  with  a  gate  to  control  the  flow. 
Such  excess  material  as  cannot  be  cared  for  by  the  measuring 
troughs  falls  to  the  ground  in  piles  as  indicated.  Two  belt 
conveyors  operating  in  tunnels  beneath  the  piles  permit  ready 
draft  against  these  reserve  piles,  delivering  materials  to  the 
original  elevator,  and  thence  to  the  measuring  troughs.  With 
such  a  plant  it  is  a  simple  matter  to  handle  upward  of  50  cu.  yd. 
per  hour  with  four  men.  The  arrangement  shown  has  been 
covered  by  U.  S.  Letters  Patent. 
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Figs.  408  and  409  illustrate  two  set-ups  of  practically  the  same 
plant,  and  illustrate  forcibly  the  importance  of  proper  arrange- 
ment. With  the  arrangement  shown  in  Fig.  409, 17  men  handled 
72  cu.  yd.  in  4i  hours.  With  the  arrangement  shown  in  Fig.  408, 
15  men  handled  87  cu.  yd.  in  4i  hours,  a  saving  of  approximately 
13  cents  per  cubic  yard.  In  Fig.  408  the  runway  and  platform  are 
too  small,  with  the  result  that  the  men  interfere  with  each  other, 
and  cannot  work  to  advantage.  Furthermore,  the  use  of  the  feed 
chute  involves  assembly  of  the  batch  in  the  mixer  drum.  Water 
was  fed  to  the  machine  a  bucketful  at  a  time,  requiring  an  extra 
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man  for  this  purpose.  In  Fig.  409  a  charging  hopper  is  substi- 
tuted for  the  feed  chute,  and  both  platform  and  runway  are 
increased  in  size.  Water  is  fed  to  the  mixer  through  a  pipe, 
and  all  operating  levers  are  controlled  by  one  man.  Provision 
is  also  made  to  take  care  of  any  material  working  down  beneath 
the  mixer,  with  the  result  that  wear  and  tear  on  journals,  etc., 
is  reduced. 

The  difference  in  cost  of  the  two  arrangements  amounted  to 
$59.00.  The  illustrations  are  taken  from  actual  experience,  and 
indicate  results  secured  under  different  superintendents. 
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Problems 

34.  What  items  would  you  charge  up  against  construction  work  for  the 
use  of  the  plant  involved? 

35.  Enumerate  the  various  operations  involved  in  the  erection  of  the  rein- 
[forced-concrete  skeleton  of  an  office  building. 

36.  State  your  opinion  in  regard  to  the  location  of  stock  piles. 

37.  What  considerations  should  govern  the  actual  laying  out  of  construction 
[plant? 

38.  What  is  the  sole  purpose  in  the  design  and  use  of  construction  plant? 

39.  What  are  the  requirements  of  economic  plant  design? 

40.  State  the  essentials  in  the  proper  mixing  and  placing  of  concrete  under 
different  conditions. 
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SECTION  3 
ESTIMATING 

Bt  Leblib  H.  Allen 

Of  the  Alberthaw  Constniotion  Co..  Boston 

The  operation  of  estimating  the  cost  of  reinforced-concrete 
construction  may  be  divided  into  two  parts:  (1)  estimating 
quantities  or  taking  off,  and  (2)  estimating  unit  costs  or  pricing. 
The  estimating  of  unit  costs  is  by  far  the  more  important  of 
these  two  and  this  part  of  the  subject  will  therefore  be  treated 
first. 


CHAPTER  XXV 

ESTIMATING  UNIT  COSTS 

Reinforced  concrete  work  may  be  considered  under  the  follow- 
ing four  main  divisions: 

(1)  The  concrete  itself. 

(2)  The  forms  or  falsework. 

(3)  The  steel  reinforcement. 

(4)  The  finish  of  the  exposed  surfaces. 
Each  of  these  may  be  sub-divided  into: 

(a)  Materials. 

(b)  Labor. 

(c)  Plant. 

Each  of  these  divisions  and  sub-divisions  should  be  considered 
separately,  and  analyzed  when  making  an  estimate. 

In  the  prices  mentioned  in  this  chapter,  the  cost  of  labor  is 
based  upon  the  rates  paid  in  the  large  cities  at  the  present  time, 
(namely:  carpenters  45  cents  per  hour,  laborers  25  cents  per 
hour,  carpenter  foremen  $5  per  day)  and  include  the  overhead 
expense  of  superintendent  and  timekeepers  in  charge  of  the  work. 

116.  Concrete. — With  regard  to  the  concrete  itself,  we  shall 
take  into  account:  (a)  the  cement,  sand,  stone,  and  water;  (b) 
the  labor  of  unloading,  mixing,  and  placing  of  these  materials; 
and  (c)  the  plant  necessary  to  accomplish  this  end. 
44  585 
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The  cost  of  cement  in  carload  lots  is,  as  a  rule,  about  85  cents 
per  barrel  at  the  cement  mill.  If  the  cement  is  delivered  in  paper 
bags,  there  is  an  extra  charge  of  10  cents  per  barrel  for  bags.  If 
delivered  in  cloth,  the  extra  charge  is  40  cents,  but  this  40  cents 
is  refunded  by  the  mills  if  the  cloth  bags  are  returned  in  good 
condition.  If  furnished  in  wooden  barrels,  there  is  a  charge  of 
40  cents,  and  the  barrel  is  not  returnable.  It  is  usually  con- 
sidered the  most  economical  to  buy  cement  in  cloth  bags  and 
return  the  bags  when  empty.  The  freight  on  a  barrel  of  cement 
on  a  haul  of  say  500  miles  would  be  about  40  cents,  so  that  the 
total  cost  of  a  barrel  of  cement  in  cloth  bags  after  returning  and 
crediting  the  bags  would  be  $1.25  per  barrel.  The  cost  of  test- 
ing cement  is  from  3  to  5  cents  per  barrel.  It  is  customary  among 
contractors  and  engineers  to  have  the  whole  shipment  of  cement 
tested  at  a  testing  laboratory,  and  from  $5  to  $6  per  carload  is 
about  the  usual  charge.  The  cost  of  unloading  cement  and 
placing  it  in  a  storehouse  close  to  the  track  is  about  3  cents  per 
barrel.  If  the  railroad  tracks  do  not  run  to  the  site  of  the  con- 
struction work,  there  must  also  be  added  the  cost  of  teaming, 
which  would  amount  on  a  distance  of  1  mile  to  about  5  cents 
per  barrel.  In  addition  to  this  must  be  figured  the  cost  of  hand- 
ling  and  returning  empty  sacks,  the  freight  on  same,  and  the  loss 
of  a  few  damaged  or  torn  bags.  This  is  usually  estimated  at 
about  2  cents  per  barrel.  Tabulating  the  above,  the  cost  of 
cement  per  barrel  ready  for  use  would  appear  as  follows: 

Cement $0.85 

Freight 0.40 

Cloth  sacks 0.40 

Total  cost  of  cement  f,o.b.  cars  at  job.  $1.65  per  barrel 

Deduct  credit  for  empty  sacks 0.40 

$1^25 

Add  cost  of  testipg 0.03 

Add  cost  of  unloading 0.03 

Add  cost  of  teaming,  if  any 0.05 

Add    cost    of    bundling    and    returning 

empty  bags,  and  loss  on  same 0 .  02 

Net  price  of  cement  ready  for  use  in 

concrete $1 .  38  per  barrel. 

It  is  usual  to  obtain  quotations  from  the  cement  companies 
for  cement  for  jobs  on  which  estimates  are  being  made.  These 
quotations  always  include  the  freight  and  the  bags,   and  to 
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arrive  at  the  net  cost  it  is  necessary  to  deduct  for  the  bags  and 
add  for  the  supplementary  items,  according  to  the  above  list. 

Sand  usually  costs  about  30  cents  per  cubic  yard  to  dig  and 
load  on  teams  or  cars.  If  it  has  to  be  screened  or  washed,  it 
will  cost  from  40  to  50  cents  per  yard.  Teaming  or  freight  will 
vary  according  to  the  length  of  haul,  but  will  usually  bring  the 
cost  of  sand,  ready  for  use,  up  to  $1  per  yard,  f.  o.  b.  the  job. 
If  it  comes  by  rail,  there  should  be  added  to  this  15  cents  per 
yard  for  unloading  from  cars. 

Crushed  stone  can  be  bought  at  from  85  cents  to  $1  per  ton 
at  the  crusher,  to  which  must  be  added  the  cost  of  teaming  or 
freight,  which  will  vary  according  to  the  length  of  haul.  On  a 
haul  of  moderate  length  it  is  usual  to  pay  from  20  to  40  cents 
per  ton,  so  that  the  cost  of  crushed  stone  (f.  o.  b.  the  job  ready 
for  use)  generally  varies  between  $1.25  and  $1.40  per  ton.  To 
this  should  be  added  about  20  cents  per  ton  if  it  has  to  be  un- 
loaded from  railroad  cars.  If  gravel  of  suitable  size  and  quality 
is  available  for  use,  it  can  generally  be  obtained  for  $1.30  per 
yard,  a  considerable  saving  on  the  price  of  crushed  stone.  In 
comparing  the  price  of  gravel  and  crushed  stone,  1  cu.  ft. 
of  crushed  trap  rock  or  granite  may  be  considered  as  weighing 
100  1b. 

The  labor  of  mixing  and  placing  concrete  varies  considerably, 
according  to  the  conditions  of  the  job  and  the  nature  of  the  work. 
It  is  obvious  that  to  mix  and  place  concrete  in  heavy  bridge 
abutments  and  concrete  dams  would  cost  a  great  deal  less  than 
to  place  concrete  in  floor  slabs  3  or  4  in.  thick,  or  in  beam  and 
column  forms,  as  the  former  would  not  require  so  much  spading 
and  spreading. 

Assuming  a  well  laid-out  job  and  a  machine  mixer  taking  four 
bags  to  the  batch,  the  cost  of  mixing  concrete  should  be  from 
50  to  60  cents  p^  cubic  yard.  The  operations  will  consist  of 
loading  wheelbarrows  with  sand  and  stone  and  wheeling  them 
up  to  the  mixer  and  charging  same,  bringing  cement  from  the 
cement  shed  and  putting  it  into  the  mixer,  and  the  work  of  an 
engineer  in  running  the  mixer  and  discharging  the  concrete 
into  wheelbarrows. 

The  cost  of  placing  concrete  will  include  the  wheeling  and 
dumping  of  the  concrete  in  place,  and  the  spreading  and  spading 
of  the  concrete  in  the  forms  of  a  building.  This  should  cost 
about  75  cents  per  yard.     In  columns  and  thin  walls,  where 
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there  is  a  lot  of  spading  and  where  care  has  to  be  used  to  get  a 
good  surface  on  the  concrete,  this  cost  would  be  about  doubled; 
On  heavy  masses  of  concrete,  such  as  dams  and  thick  retaining 
walls,  these  prices  can  be  considerably  reduced,  especially  if  the 
plant  is  well  laid  out  and  the  equipment  is  good.  Concrete  has 
been  mixed  and  placed  by  mixer  and  derrick,  or  tracks  and  cars, 
for  as  low  as  50  cents  per  cubic  yard. 

The  following  is  an  approximate  schedule  of  labor  prices  for 
mixing  and  placing  concrete: 

Mixing  and  placing  in  footings $1 .  50  per  cu.  yd. 

Mixing  and  placing  in  floor  slabs  not  exceeding  4)  in. 

thick '. 1 .  60  per  cu.  yd. 

Mixing  and  placing  in  floor  slabs  exceeding  5  in.  thick.  1 .  00  per  cu.  yd. 

Mixing  and  placing  in  columns  and  thin  walls 1 .  50  per  cu.  yd. 

Mixing  and  placing  in  walls  exceeding  18  in.  in 

thickness 1 .00  per  cu.  yd. 

Mixing  and  placing  in  dams  and  thick  retaining 

walls 0.70  per  cu.  yd. 

On  some  jobs  it  is  possible  to  unload  sand  and  gravel  direct  from 
railroad  cars  to  the  wheelbarrows  which  charge  the  mixer.  In 
such  cases  the  materials  would  be  handled  once  instead  of  twice 
before  going  into  the  mixer,  and  a  saving  of  about  20  cents  per 
yard  would  result. 

The  cost  of  tools  and  plant  and  supplies  on  a  job  varies  a  good 
deal  according  to  the  nature  of  the  work.  But,  assuming  a  job 
containing  5000  cu.  yd.  of  concrete  work  carried  out  by  a  con- 
tractor of  ability,  it  will  usually  be  found  that  the  cost  of  plant, 
tools,  and  supplies,  temporary  buildings,  office,  cement  shed,  etc., 
will  amount  to  about  $5000.  Of  this  amount,  about  $700  would 
be  spent  on  labor  in  setting  up  the  plant  and  dismantling  it; 
$300  for  freight;  $1500  for  small  tools  and  depreciation  of  mixer, 
hoisting  engines,  and  large  tools;  and  $2000  for  coal  or  power, 
also  small  supplies  and  sundries.  The  writer's  practice  is  to 
estimate  $1  for  every  yard  of  concrete  on  jobs  containing  between 
4000  and  10,000  yd.  of  concrete.  On  larger  joIds  than  this,  the 
proportion  would  be  smaller,  probably  about  70  to  80  cents; 
and,  on  smaller  jobs  than  those  containing  3000  yd.,  the  propor- 
tion would  be  higher — from  $1  to  $1.40  per  yard.  On  jobs  con- 
taining less  than  600  yd.  of  concrete,  machine  mixing  is  not 
usually  economical,  and  in  that  case  it  will  be  necessary  to 
estimate  for  mixing  by  hand,  which  will  cost  about  $2  per  yard 
more  than  the  above  prices. 
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To  summarize;  the  cost  of  1  cu.  yd.  of  concrete  on  a  job  con- 
taining 5000  yd.  of  reinforced-concrete  work  in  floors  and  columns, 
etc.,  may  be  estimated  as  follows: 

Cement,  1|  barrels  at  $1 .38 $2.30 

Sand,  i  yard  at  $1.00 0.60 

Stone,  1.35  tons  at  1.40 1.89 

Labor 1 .35 

Plant l_.Oq 

Total $7.04  per  cu.  yd. 

It  must  be  remembered  that  this  cost  does  not  include  the  cost 
of  forms,  steel,  or  finished  surface. 

In  Art.  9  of  Volume  I  will  be  found  formulas  giving  the  quanti- 
ties of  cement,  sand,  and  stone  required  for  1  cu.  yd.  of  con- 
crete. It  will  be  noted  that  in  the  above  estimate  these  propor- 
tions are  not  adhered  to.  It  must  be  remembered  that  the  pro- 
portions referred  to  are  the  net  quantities  of  material  required  as 
determined  by  careful  experiment.  The  conditions  on  con- 
struction work  do  not  approach  those  of  laboratory  work,  and 
there  is  always  a  considerable  waste  of  cement,  sand,  and  stone. 
It  has  been  found  in  practice  that,  when  estimating,  it  is  not  safe 
to  allow  less  than  the  following  amounts  of  cement  for  different 
proportions  of  mix: 

1  :  1}  :  3  mix 2 .  00  barrels  per  cubic  yard 

1:2:4  mix 1 .  66  barrels  per  cubic  yard 

1  :  2}  :  5  mix 1 .40  barrels  per  cubic  yard 

1:3:6  mix 1 .  20  barrels  per  cubic  yard 

The  amount  of  sand  and  stone  required  varies  considerably 
according  to  the  percentage  of  voids.  This  variation  cannot  be 
taken  into  account  in  the  usual  methods  of  estimating — as  it 
can  only  be  ascertained  by  careful  tests  and  varies  from  time 
to  time,  even  when  the  source  of  supply  is  the  same — and  there- 
fore it  is  usual  to  allow  i  cu.  yd.  of  sand  per  cubic  yard  of 
concrete,  and  1  cu.  yd.  of  crushed  stone — figuring  crushed 
stone  to  weigh  lOO  lb.  per  cubic  foot. 

117.  Forms. — Forms  should  be  measured  by  the  square  foot  of 
surface  (measuring  all  sides  that  touch  the  concrete)  and  priced 
according  to  the  labor  involved  in  erecting,  studding,  bracing, 
and  stripping.  Strictly  speaking,  form  work  is  the  labor  of 
supporting  wet  concrete,  and  the  material — ^that  is,  the  lumber 
used — ^is  only  incidental  to  this  labor;  therefore  it  is  not  correct 
to  take  off  the  amount  of  lumber  used  and  price  it  according  to 
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the  number  of  board  feet  thus  estimated.  It  is  the  practice  of 
some  firms  to  estimate  forms  by  the  latter  method  but  such  a 
practice  is  misleading,  not  only  on  the  theoretical  ground  taken 
above,  but  on  the  practical  ground  that  no  two  contractors  would 
use  the  same  amount  of  lumber  in  erecting  a  given  piece  of  form 
work.  Besides,  it  is  not  possible  to  determine  beforehand  just 
how  much  lumber  will  be  used  for  the  same,  since  careful  draw- 
ings of  the  forms  are  not  usually  available.  In  the  writer^s 
practice,  he  has  always  found  that  even  though  enough  lumber 
to  complete  the  work  is  ordered  when  a  job  is  started,  it  is  always 
necessary,  on  account  of  loss  and  waste  of  lumber,  to  order  a 
great  deal  more  before  the  job  is  finished. 

The  forms  for  a  building  consist  principally  of: 

Forms  to  floors. 

Forms  to  beams  and  girders. 

Forms  to  columns. 

Forms  to  walls. 

Forms  to  footings. 
Each  of  these  should  be  measured  separately  and  priced  at 
separate  and  diflferent  rates. 
The  cost  of  forms  to  floor  slabs  will  take  into  account: 

1.  Making  up  panels. 

2.  Setting  up  posts  and  bracing  same. 

3.  Putting  girts  and  ledgers  on  tops  of  the  posts. 

4.  Laying  the  panels  on  the  same. 

6.  Stripping  the  centering  after  the  concrete  has  set. 
The  labor  of  making  up  form  panels  will  average  about  3  cents 
per  square  foot,  and  as  these  are  generally  used  three  or  four 
times,  1  cent  per  square  foot  on  the  whole  area  is  a  good  figure 
to  use  in  estimating.  The  labor  of  erecting  studs  and  bracing 
will  average  about  2  cents  per  square  foot,  and  the  cost  of  putting 
on  joists  and  girts  and  laying  down  panels  will  also  cost  about 
2  cents  per  square  foot,  giving  a  total  labor  cost  of  erecting  forms 
of  6  cents  per  square  foot.  As  there  is  1  cent  per  square  foot  for 
stripping,  we  get  a  labor  cost  of  6  cents  per  square  foot  as  a  total. 
On  a  small  and  irregular  building,  of  course  this  cost  will  be  much 
higher,  but  for  a  plain,  large  factory  a  low  cost  such  as  this  can 
often  be  reached.  If  the  height  from  floor  to  ceiling  is  over  16  ft., 
this  price  should  be  increased,  as  the  studs  will  have  to  be  spliced 
and  extra  bracing  will  have  to  be  put  in.  Two  cents  a  square 
foot  should  therefore  be  added  in  such  a  case. 
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The  cost  of  beam  and  girder  forms  includes  the  cost  of  the  fol- 
lowing operations: 

1.  Making  beam  bottoms  and  beam  sides. 

2.  Erecting  same  on  the  posts  and  joists  which  support 

the  floor  slab. 

3.  Stripping. 

The  cost  of  making  up  will  be  about  4  cents  per  square  foot,  and 
as  beam  bottoms  are  left  in  longer  than  the  slab  forms,  it  is  not 
safe  to  figure  on  using  these  more  than  twice,  giving  an  average 
cost  of  2  cents  per  square  foot  for  making  beam  forms.  Erecting 
the  same  will  cost  about  4  cents  per  square  foot,  and  stripping 
1  cent  per  square  foot,  giving  a  total  cost  of  7  cents  per  square 
foot  for  beam  and  girder  forms.  If  beams  and  girders  are 
haunched  at  the  ends,  50  cents  more  should  be  allowed  each 
time  for  the  haunching. 

The  labor  of  forming  colunms  may  be  sub-divided  into: 

1.  Making  up  panels. 

2.  Erecting  panels  and  placing  yokes. 

3.  Plumbing. 

4.  Bolting. 

5.  Stripping. 

The  cost  of  making  up  panels,- which  are  usually  of  li-in.  stock, 
will  be  found  to  average  between  4  and  5  cents  per  square  foot. 
Allowing  that  these  will  be  used  three  times,  the  cost  per  square 
foot  of  form  work  would  be  about  li  cents.  The  erecting,  plumb- 
ing, and  bolting  will  be  about  7  cents  per  square  foot,  and  the 
cost  of  stripping  about  H  cents  per  square  foot,  giving  a  total 
labor  cost  of  10  cents  per  square  foot  for  labor  on  column  forms. 

Columns  less  than  8  ft.  high  cost  a  good  deal  more  per  square 
foot  than  higher  columns,  owing  to  the  fact  that  there  is  just  as 
much  time  and  labor  spent  in  plumbing,  erecting,  and  bolting 
up  as  if  the  column  were  twice  as  high  with  twice  the  amount  of 
surface  area. 

In  a  similar  way,  the  cost  of  erecting  wall  forms  will  be  found 
to  be  about  7  cents  per  square  foot,  and  the  cost  of  footing  forms 
about  the  same. 

The  writer's  experience,  based  on  the  cost  of  over  fifty  rein- 
forced-concrete  buildings,  large  and  small,  shows  that  a  good 
rule  for  estimating  the  cost  of  lumber,  nails,  oil,  and  wire  used  in 
the  construction  of  forms  to  a  factory  building,  is  to  reckon  from 
$2.70  to  $3.50  per  100  sq.  ft.  for  these  items,  a  good  average  being 
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S3  per  100  sq.  ft.  This  figure  is  higher  than  that  used  by  a  good 
many  estimators  at  the  present  day,  but  is  based  on  actual 
experience  of  costs  kept  on  a  large  nimiber  of  jobs,  and  the  writer 
is  constantly  proving  that  this  figure  is  correct. 

To  summarize,  the  cost  of  forms  per  square  foot  to  a  reinf orced- 
concrete  building  may  be  tabulated  as  follows: 

Forms  to  floor  slabs: 

Lumber,  nails,  oil,  etc $0.03 

Labor  making  panels 0. 01 

Labor  erecting  studs  and  bracing 0. 02 

Labor  laying  panels 0.02 

Labor  stripping 0.01 

Total 0.09 

Forms  to  beams  and  girders: 

Lumber,  nails,  and  oil 0.03 

Labor  making 0. 02 

Labor  erecting 0 .  04 

Labor  stripping 0.01 

Total 0.10 

Forms  to  columns: 

Lumber,  nails,  oil,  etc 0.03 

Labor  making  panels 0.01} 

Labor  erecting,  plumbing,  and  bolting 0.07 

Labor  stripping 0.01} 

Total 0.13 

Forms  to  footings: 

Lumber,  nails,  and  oil 0.03 

Labor  making  and  erecting 0.06 

Labor  stripping 0.01 

Total 0.10 

Forms  to  walls: 

Lumber,  nails,  oil,  etc 0.03 

Labor  making 0 .  02 

Labor  erecting  and  plumbing 0. 05 

Labor  stripping 0.01 

Total 0.11 

118.  Steel. — ^The  cost  of  steel  reinforcement,  if  ordered  in 
time  to  wait  for  delivery  direct  from  the  mill,  will  average  about 
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$1.70  per  100  lb.  The  freight  rate  on  a  haul  of  about  500  miles 
will  be  about  18  cents,  giving  a  total  of  $1.88  per  100  lb.  for  steel 
bars,  f.  o.  b.  cars  at  the  job.  The  cost  of  steel  bars  varies  accord- 
ing to  the  size  of  the  bar.  Bars  of  from  li-in.  to  i-in.  diameter 
are  taken  at  the  lowest  rate,  which  is  called  the  base  price. 
Small  bars  take  a  higher  rate  as  follows: 

t  in.  and  H  in Base  plus    10  cents 

}  in.  and  ^  in Base  plus    20  cents 

i  in.  and  iV  in Base  plus    50  cents 

i  in.  and  A  i^^ Base  plus  $1 .  00 

This  differential  rate  is  often  halved  in  mill  orders  but  stock 
deliveries  take  the  full  extras.  This  differential  is  an  important 
factor  in  design  as  well  as  in  estimating.  For  example,  assume 
a  floor  200  ft.  X  100  ft.  having  a  slab  6  in.  thick  and  an  area  of 
steel  per  square  foot  of  0.462  sq.  in.  The  total  weight  of  steel 
required  (allowing  for  laps)  would  be:  200X106X0.462X3.4  = 
33,301  lb. 

Cost  of  i-in.  square  bars  6i  in.  on  centers,  33,301  lb.  @  $1.90 
per  100  lb.  =  $632.70. 

Cost  of  i-in.  round  bars  3  in.  on  centers,  33,310  lb.  @  $2.20 
per  100  lb.  =  $726.00. 

Thus  there  is  a  difference  of  $93.30  in  favor  of  i-in.  bars  if 
taken  from  stock,  or  $46.65  if  taken  from  mill  deliveries.  The 
price  of  reinforcing  bars  taken  from  stock  is  of  course  much 
higher,  but  it  is  usual  in  estimating  on  a  building  to  figure  on 
taking  the  steel  for  the  footings  and  the  lower  part  of  the  build- 
ing, enough  for  the  first  five  or  six  weeks'  work,  out  of  stock  and 
buy  the  rest  direct  from  the  mill. 

The  cost  of  unloading  steel  and  piling  it  on  the  job  is  about 
40  cents  per  ton,  and,  if  it  has  to  be  teamed  from  the  freight 
yards  to  the  site  of  the  work,  this  will  cost  20  cents  per  ton  and 
upward. 

The  cost  of  bending  and  placing  steel  in  the  building  will  vary 
according  to  the  amount  of  work  that  is  done.  Thus,  placing 
steel  bars  f -in.  diameter  in  a  floor  slab  will  cost  about  $5  per  ton. 
If  the  bars  have  to  be  bent  up  at  the  end,  $2  per  ton  should  be 
added.  Bending  and  placing  steel  bars  and  stirrups  in  beams 
will  cost  from  $8  to  $10  per  ton.  Wiring  up  and  placing  steel 
bars  in  columns  and  placing  hoops  around  them  will  cost  from 
$10.00  to  $12.00  per  ton.  Placing  steel  of  i-in.  and  |-in.  diameter 
in  walls  will  cost  from  $12  to  $15  per  ton. 
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These  prices  are  sufficient  to  include  the  cost  of  wire,  tools 
for  bending,  etc.  Ten  dollars  per  ton  is  a  good  average  price  for 
labor  on  steel  reinforcement  all  through  the  job. 

119.  Surface  Finish. — One  hundred  square  feet  of  grano- 
lithic finish  laid  1  in.  thick  in  the  proportion  of  one  of  cement, 
one  of  sand,  and  one  of  fine  crushed  stone,  will  require  one  barrel 
of  cement,  4  cu.  ft.  of  sand,  and  4  cu.  ft.  of  crushed  stone.  This 
may  therefore  be  estimated  as  follows: 

1  bbl.  cement @$1.38  per  bbl.. .  $1.38 

4cu.  ft.  sand @$1.00  per  yd. . .     0.15 

400  lb.  fine  crushed  stone @$2 . 00  per  ton. . .     0.40 

$iT93 

Labor  mixing  and  placing 0.60 

Finishers*  time  trowelling  surface 1 .00 

Total  cost  per  100  sq.  ft $3.53     or     3} 

cents  per  square 
foot. 

If  the  surface  of  the  concrete  has  to  be  cleaned  off  with  acid  or 
sand  blasting,  this  will  cost  from  2  to  3  cents  per  square  foot 
additional. 

The  exterior  surfaces  of  concrete  columns  and  beams  are  fre- 
quently rubbed  smooth  with  carborundum  stone,  using  a  little 
water  and  cement.  The  cost  of  this  work,  including  hanging 
swing  stages  for  the  finishers,  will  be  from  4  to  6  cents  per  square 
foot. 

For  ornamental  effect,  external  surfaces  are  sometimes  picked 
with  a  pointed  tool  or  crandall  hammer.  The  cost  of  this  runs 
between  6  and  8  cents  per  square  foot. 


CHAPTER  XXVI 
ESTIMATING  QUANTITIES 

The  operation  of  estimating  quantities  is  that  of  calculating 
(from  plans  supplied)  quantities  of  labor  and  material  which  go 
to  make  up  the  completed  building.  This  is  usually  called 
taking  off  or  scaling.  This  should  be  done  quite  independently 
of  the  pricing  or  the  arithmetical  work  of  extending  the  quantities 
to  obtain  the  totals  of  the  quantities  of  work.  The  secret  of 
accurate,  speedy  taking  off  is  to  be  found  in  a  systematic  way  of 
going  about  the  work.  No  printed  forms,  tables,  or  special 
rules  for  taking  off  will  insure  against  error,  but  the  surest  way 
of  making  an  accurate  estimate  is  to  have  a  good  system  to  work 
on  and  a  clear  and  easily  followed  way  of  setting  down  the 
items.  The  writer's  practice  in  taking  off  is  to  use  plain  squared 
paper  8  in.  X  lOi  in.,  ruled  in  nine  columns.  Across  the  top  of 
the  sheet  is  written  the  name  and  description  of  the  job,  name  of 
architect,  etc.  In  the  first  column  is  placed  a  description  of  the 
items  measured;  the  next  four  columns  are  for  the  number, 
length,  width,  and  height  of  the  members  of  the  building;  the 
next  two  are  for  arithmetical  calculations  and  totals;  and  the 
last  two  for  unit  and  total  price.  (See  Fig.  410.)  It  is  very 
important  to  keep  length,  breadth,  and  height  in  the  same  order 
in  every  item.  Each  can  then  be  readily  identified.  In  taking 
off  a  reinforced-concrete  building,  start  with  the  structural  mem- 
bers in  the  order  in  which  they  are  built;  that  is,  first  take  con- 
crete footings,  then  columns,  then  floor  slabs,  then  beams  and 
girders,  then  curtain  walls  and  partitions,  then  cornice,  and 
then  stairs  and  landings.  Take  all  the  concrete  first,  one  item 
at  a  time  and  complete  it.  When  all  the  concrete  is  taken  off, 
proceed  to  take  off  the  forms,  and  after  that  take  off  the  rein- 
forcement, and  then  the  finish  to  the  surfaces.  After  that  take 
off  excavation,  windows  and  doors,  roofing  and  other  incidental 
items  necessary  to  complete  the  cost  of  the  building. 

In  putting  down  the  dimensions,  it  is  well  to  put  a  note  identi- 
fying each  item,  thus: 

595 
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Concrete  columns: 

Basement,  (mark  A) 5XliXliXlO 

(markB) 4XliXl!XlO 

(markC) 7XliXUXlO 

First  floor,  (mark)  A SXUXliXlO 

(markB) 4XliXliXlO 

(markC) 7XliXliX10 

It  takes  a  little  more  time  to  do  this,  but  it  is  well  worth  the 
labor,  and  any  item  can  be  readily  identified  afterwards.  Also 
if  an  item  is  left  out  in  error,  it  can  be  more  easily  detected.     It 
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is  the  writer's  practice  to  put  all  dimensions  in  feet  and  fractions. 
Some  estimators  work  in  feet  and  inches  and  some  in  feet  and 
decimals.  There  seems  to  be  the  least  chance  for  error  in 
using  fractions,  but  this  is  a  matter  of  individual  judgment. 

120.  Concrete. — The  following  rules  should  govern  the  meas- 
urement of  concrete  work: 

All  concrete  should  be  measured  by  the  cubic  foot  or  cubic 
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yard,  and  in  all  cases  forms  should  be  measured  separately. 
All  concrete  should  be  measured  net  as  placed  or  poured  in  the 
structure  or  building,  and  an  excess  measurement  of  concrete 
should  never  be  taken  to  pay  for  the  cost  of  forms  or  extra  labor  in 
placing.  All  openings  and  voids  in  concrete  should  be  deducted, 
but  no  deduction  should  be  made  for  steel  reinforcement,  I- 
beams,  bolts,  etc.,  embedded  in  the  concrete,  except  where  such 
have  a  sectional  area  of  more  than  1  sq.  ft.  No  deduction  should 
be  made  for  chamfered,  beveled,  or  splayed  angles  to  columns, 
beams,  and  other  work. 

For  beams  and  girders  it  is  usual  to  show  on  the  plan  the 
depth  of  concrete  from  the  top  of  the  slab.  Thus,  if  the  quantity 
of  concrete  for  the  slab  has  been  taken  right  through,  it  will  be 
necessary  to  consider  only  the  extra  concrete  below  the  slab  in 
taking  oflf  beam  and  girder  quantities.  For  example,  in  a  floor 
6  in.  thick  having  12-in.X30-in.  girders,  the  concrete  to  take  off 
for  the  girders  should  be  considered  as  1  ft.  wide  by  2  ft.  deep, 
since  the  other  6  in.  is  included  in  the  slab. 

Each  class  of  concrete  having  a  different  proportion  of  cement, 
sand,  or  aggregate  should  be  measured  and  described  separately. 
Concrete  in  the  different  members  of  a  building  or  structure 
should  be  measured  and  described  separately  according  to  the 
accessibility,  location,  or  purpose  of  the  work;  concrete  in  floor 
slabs  should  be  measured  and  priced  separately  from  columns  or 
walls,  and  so  on.  Concrete  with  large  stones  and  rocks  em- 
bedded in  same  (cyclopean  masonry)  should  be  measured  as  one 
item  and  described  according  to  the  richness  of  the  mix  and  the 
percentage  of  rock  in  same.  Concrete  in  stairs  should  be  meas- 
ured by  the  cubic  foot,  and  it  is  usual  to  include  surface  finish 
with  same  in  this  case,  as  it  forms  such  a  small  item  in  the  cost. 

121.  Forms. — Forms  should  be  measured  in  square  feet,  taking 
the  area  of  the  surface  of  the  concrete  which  is  actually  touched 
by  the  forms  or  false  work.  Forms  should  in  all  cases  be  meas- 
ured and  described  as  a  separate  item  and  never  included  with 
the  concrete.  No  deduction  should  be  made  in  measurement  of 
surface  of  concrete  supported  by  forms  because  of  forms  being 
taken  down  and  re-used  two  or  three  times  in  the  course  of  con- 
struction. 

It  is  not  necessary  to  consider  struts,  posts,  bracing,  bolts, 
wire  ties,  oiling,  cleaning,  and  repairing  forms,  as  these  should 
be  covered  by  the  price  put  on  the  square  foot  measurements. 
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Forms  to  the  different  parts  of  a  building  should  be  measured 
and  described  separately  according  to  their  nature;  that  is,  forms 
to  floor  slabs,  walls,  colimms,  footings,  etc.,  should  be  separated 
from  each  other.  No  allowance  need  be  made  for  angle  fillets 
or  bevels  to  beams  and  colunms,  etc.,  but  curved  mouldings 
should  be  measured  and  described  separately. 

No  deduction  in  measurement  of  forms  should  be  made  for 
openings  having  an  area  of  less  than  25  sq.  ft.  as  the  labor  in 
forming  same  is  often  greater  than  the  cost  of  the  omitted  area. 
No  deduction  should  be  made  in  floor  forms  for  heads  of  columns, 
or  in  column  and  girder  forms  for  ends  of  girders,  cross  beams, 
etc.  No  allowance  should  be  made  for  pockets  in  column  forms . 
for  clearing  out  rubbish. 

The  correct  measurement  of  column  forms  is  the  girth  of  the 
four  sides,  or  circumference,  multiplied  by  the  height  from  the 
floor  surface  to  the  under  side  of  floor  slab  above.    Forms  to 
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octagonal,  hexagonal,  and  circular  columns  should  be  measured 
and  priced  separately  from  forms  to  square  columns.  Caps  and 
bases  to  columns  and  other  ornamental  work  should  be  enumer- 
ated and  fully  described  by  sketches  in  the  estimate  with  overall 
dimensions. 

The  correct  measurement  of  beam  forms  is  the  net  length 
between  columns  multiplied  by  the  sum  of  the  breadth  (6)  and 
twice  the  depth  below  the  slab  (d),  except  for  beams  at  edge  of 
floor  or  around  openings,  which  shall  have  the  thickness  of  the 
floor  (t)  added  to  the  sum  of  the  breadth  and  twice  the  depth. 
(See  Fig.  411.) 

Wall  forms  should  be  measured  for  both  sides  of  concrete 
walls. 

Forms  to  the  upper  side  of  sloping  slabs  such  as  saw-tooth  roofs 
should  be  measured  whenever  the  slope  of  such  slab  with  the 
horizontal  exceeds  an  angle  of  25  degrees. 

Mouldings  in  form  work  should  be  measured  by  the  linear 
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foot.  Forms  to  circular  work  should  always  be  measured  separ- 
ately from  forms  to  straight  work. 

No  measurement  or  allowance  should  be  made  for  construc- 
tion joints  in  slabs,  beams,  etc.,  to  stop  the  day's  concreting,  but 
construction  joints  or  expansion  joints  in  dams  and  other  large 
masses  of  concrete  should  be  measured  by  the  square  foot  as 
they  occur. 

Forms  to  cornices  should  be  measured  by  the  linear  foot  and 
the  girth  stated.  Plain  forms  to  back  of  cornice  should  be 
measured  separately.  Forms  to  window  sills,  copings,  and 
similar  work  should  be  measured  by  the  linear  foot.  Forms  to 
the  underside  of  stairs  should  be  measured  by  the  superficial 
foot,  and  forms  to  the  front  edge  by  the  hnear  foot.  Forms  to 
the  ends  of  steps  should  be  measured  by  number. 

122.  Steel. — Reinforcing  bars  should  be  measured  by  the 
linear  foot  and  reduced  to  weight  in  pounds  for  pricing.  The 
net  weight  placed  in  the  building  should  be  taken  and  no  allow- 
ance made  for  waste  and  cutting,  or  wire  ties  and  spacers,  etc., 
but  laps  should  be  allowed  for  as  called  for  by  the  plans  or  by  the 
necessities  of  the  design.  Deformed  bars  should  be  measured 
separately  from  plain. 

The  cost  of  bending  and  placing  in  columns  and  beams  is 
greater  than  in  slabs,  but  as  the  difference  is  not  great  it  is  not 
usual  to  make  any  distinctions  but  to  take  oflf  the  whole  of  the 
steel  together,  except  in  special  cases. 

Pipe  sleeves,  turnbuckles,  clamps,  threaded  ends,  nuts,  forg- 
ings,  and  other  special  items  should  be  measured  separately  by 
number  and  size,  and  allowed  for  in  addition  to  the  weight. 
Wire  cloth,  expanded  metal,  and  other  steel  fabrics  sold  in  sheets 
are  measured  and  described  by  the  square  foot.  The  size  of 
mesh  and  weight  per  square  foot  of  steel  will  govern  the  price, 
and  should  be  stated.  All  laps  should  be  measured  and  allowed 
for. 

123.  Surface  Finish. — Finish  of  concrete  surfaces  should  be 
measured  by  the  square  foot.  Finish  should  always  be  measured 
and  described  separately.  No  measurement  or  allowance 
should  be  made  for  going  over  concrete  work  after  removal  of 
forms,  and  patching  up  voids  and  stone  pockets,  removing  fins, 
etc.,  as  this  is  part  of  the  labor  incidental  to  placing  the  concrete 
and  the  cost  will  depend  upon  the  care  used  in  spading  the  con- 
crete into  the  forms. 
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Granolithic  finish  should  be  measured  by  the  square  foot  and 
should  include  all  labor  and  materials  for  the  thickness  specified. 
Finish  laid  integral  with  the  slab  should  be  measured  separately 
from  finish  laid  after  the  slab  has  set.  No  allowance  should  be 
made  for  protection  of  finish  with  sawdust,  sand,  or  covering  in 
to  protect  from  weather.  Grooved  surfaces,  gutters,  curbing, 
etc.,  should  be  measured  separately  from  plain  granolithic  and 
should  be  measured  by  the  square  foot  or  linear  foot,  as  the  case 
may  require. 

Putting  on  cement  wash,  rubbing  with  carborundum,  scrub- 
bing with  wire  brushes,  tooling,  and  picking,  are  othigr  surface 
labors  that  should  each  be  separately  measured  and  priced. 
The  price  should  include  the  use  of  swing  stages,  tools,  and 
materials  required. 


CHAPTER  XXVII 
EXAMPLE  OF  AN  ESTIMATE  FOR  A  CONCRETE  BUILDING 

The  sheets  which  follow  give  an  actual  estimate  for  the  rein- 
forced-concrete  work  of  the  concrete  building  for  the  Davis  Fish 
Company,  shown  on  Plates  XXIV  to  XXXIV  inclusive.  The 
method  of  taking  off  is  sufficiently  described  in  Chapter  XXVI 
and  needs  no  further  explanation  here. 

A  few  notes  regarding  local  conditions  are  needed  to  make  the 
pricing  clear. 

An  inspection  of  Plate  XXXII  will  show  that  the  building  is 
on  a  small  lot  with  a  main  street  in  front,  a  private  way  on  one 
side,  an  adjacent  building  on  the  other  side,  and  a  small  wharf 
and  dock  at  the  back.  The  contractor  could  figure  on  using  the 
wharf  for  depositing  materials,  and  also  part  of  the  main  street, 
but  could  not  use  the  private  way,  and  as  the  street  is  the  main 
street  of  the  town  he  would  have  to  be  careful  not  to  obstruct 
traffic  with  his  materials.  The  railroad  is  a  mile  and  a  half  away 
and  the  teaming  from  the  raiboad  depot  to  the  job  is  all  down 
hill. 

Cement  was  quoted  $1.65  f.o.b.  cars  at  Gloucester,  including 
bags.  Deducting  $0.40  for  bags  gives  $1.25  net.  Add  $0.03  for 
testing,  $0.07  for  unloading  from  cars  and  teaming  to  job,  and 
$0.03  for  unloading  from  teams  and  placing  in  storehouse.  Add 
also  $0.02  for  bundling  and  returning  empty  bags  and  loss  on 
damaged  bags.  This  will  give  a  net  price  of  $1.40  per  barrel  for 
Portland  cement  ready  for  use  in  the  concrete. 

The  sand  was  quoted  at  $1.50  per  cubic  yard  by  local  dealers, 
delivered  by  water  f.o.b.  the  dock. 

Crushed  stone  was  quoted  at  $1.80  per  ton  f.o.b.  teams  at  the 
job  by  a  local  quarry  owner  whose  quarry  was  situated  2 
miles  away,  the  haul  being  half  uphill  and  half  down  hill. 

The  labor  cost  of  mixing  and  placing  concrete  was  estimated  to 
average  $1.50  per  cubic  yard,  as  the  small  lot  and  crowded  street 
would  interfere  with  economical  work. 
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The  concrete  plant  was  estimated  to  cost  about  S1250  and,  as 
there  are  about  1000  cu.  yd.  of  concrete  in  the  job,  this  is 
carried  in  the  estimate  at  $1.25  per  cubic  yard. 

To  summarize,  therefore,  the  cost  of  1 :2:4  concrete  would  show 
as  follows: 

If  bbl.  cement  @  $1.40 $2.34 

i  yd.  sand $1.50 0.75 

1.3  tons  crushed  stone  @  $1.80 2.34 

Labor  mucing  and  placing 1 .  50 

Plant 1.25 


Total,  per  cubic  yard  for  concrete  in  place $8. 18 

l:2i:5  concrete  would  cost  the  same  except  that  1.4  barrels 
of  cement  only  would  be  required,  at  $1.40  =  $1.96,  a  difference 
of  $0.38  per  cubic  yard,  making  the  cost  of  1 :2i  :5  concrete  $7.80 
per  cubic  yard. 

Forms  to  footings. — ^The  footing  forms  have  sloping  tops  and 
would  cost  more  than  square  footing  forms.  These  are  there- 
fore priced  at  $0.12  per  square  foot. 

Forms  to  basement  walls. — ^These  vary  in  height  and  are  done 
in  small  pieces  and  are  priced,  therefore,  at  $0.12  per  square 
foot. 

Forms  to  front  entrance. — Under  this  heading  is  included  355 
sq.  ft.  of  form  work  with  rustic  jambs,  arch,  cornice,  and  pedi- 
ment. The  cost  of  same  is  entirely  a  matter  of  judgment  and  is 
estimated  at  $140,  which  is  equal  to  $0.40  per  square  foot. 

Forms  to  Columns. — These  are  of  ordinary  construction  and 
are  estimated  at  $0.13  per  square  foot. 

Forms  to  floor  slabs. — It  will  be  noted  that  the  basement  story 
is  3  in.  less  in  height  than  the  first  and  the  second  stories,  so  that 
the  posts  will  have  to  be  spliced  or  wedged  when  used  in  the 
first  story.  Splicing  or  wedging  of  posts  will  also  be  needed 
under  the  roof  where  the  ceiling  is  5  in.  higher  than  in  the  second 
story.  A  fair  average  cost  of  forms  to  the  floor  slabs  would  be 
$0.10  per  square  foot. 

,  Forms  to  beams  and  girders. — These  will  be  of  the  same  size — 
except  in  the  roof,  where  they  are  deeper  and  narrower  and 
longer,  and  will  require  re-making.  An  average  price  of  $0.10 
per  square  foot  is  estimated  for  these. 

Forms  to  parapet  and  back  of  cornice. — These  are  simple  wall 
forms  and  are  priced  at  $0.11  per  square  foot. 
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Forms  to  face  of  moulded  cornice. — These  forms  would  be 
specially  built  up  and  would  require  some  specially  dressed 
stock.  This  form  work  should  cost  about  $0.30  per  square  foot, 
or  $0.90  per  linear  foot. 

Moulded  caps  and  bases  to  front  columns,  shown  on  Plates 
XXIV  and  XXV. — These  would  be  first  cast  in  concrete  and 
then  set  into  the  forms  and  the  column  concrete  poured  around. 
Counting  the  comers  as  two  each,  there  will  be  thirteen  of  these 
caps  and  thirteen  bases.  They  will  require  two  moulds  for  the 
caps  and  two  for  the  bases.  The  corner  ones  would  be  made  and 
cast  first  and  the  moulds  then  altered  to  do  the  others — the  two 
bases  by  the  front  door  being  cast  last.  The  cost  of  this  work 
should  be  about  $125. 

Steel  reinforcement. — The  base  price  of  steel  bars  at  the  mill 
at  this  time  was  $1.45  per  100  lb.  Adding  $0.18  freight  rate 
gives  $1.63  per  100  lb.  for  the  steel  f.o.b.  cars  at  Gloucester, 
equal  to  $32.60  per  ton.  This  job  would  require  about  10  tons, 
to  be  taken  from  stock  at  an  advance  of  $10  per  ton.  The  cost 
of  unloading  from  cars  and  teaming  to  job  would  be  $0.80  per 
ton,  the  cost  of  unloading  and  piling  on  the  job  $0.50  per  ton. 
For  bending  and  placing,  an  average  price  would  be  $9  per  ton; 
the  cost  of  wire  and  sundries,  $0.50  per  ton;  giving  a  total  of 
$10.80  per  ton  for  labor  and  teaming,  or  say  $11  per  ton. 

Granolithic  finish. — The  full  thickness  of  the  concrete  has  been 
measured  with  the  slab,  so  the  price  to  be  placed  on  the  grano- 
lithic finish  will  be  the  extra  value  only.  The  cost  of  finish  as 
per  Chapter  XXV  is  $0.03i  per  square  foot.  The  cost  of  1 
in.  of  concrete  already  estimated  at  $8.18  per  cubic  yard,  equals 
$0.30  per  cubic  foot,  or  $0.02i  per  inch.  Deducting  this  from 
the  $0.03i,  gives  $0.01  per  square  foot  net.  In  the  event  of 
rain  spoiling  a  new  piece  of  finish,  as  frequently  happens,  or  if 
a  slab  had  to  be  poured  without  the  finish  because  of  danger  of 
wet  weather  and  the  finish  laid  afterwards,  the  cost  of  this  finish 
would  be  more,  and  it  is  usual  to  allow  an  extra  $0.01  to  cover 
contingencies  on  granolithic  finish,  making  the  net  price  of 
finish  $0.02  per  square  foot. 

Rubbing  and  cement  wash. — The  cost  of  this  item  depends  on 
how  good  a  job  is  wanted,  and  on  the  quality  of  work  put  into 
the  forms.     On  this  job  it  is  estimated  at  $0.06  per  square  foot. 

Picked  surface  and  margins,  and  washing  with  acid  at  front 
entrance. — This  is  a  small  job  requiring  care,  and  being  around 
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the  front  door  it  would  be  considered  the  show  part  of  the  job, 
requiring  extra  treatment.  The  cost  of  this  was  estimated  at 
$20,  which  is  equal  to  $0.25  per  square  foot.  If  there  was  a 
large  quantity,  this  could  be  done  for  $0.10  per  square  foot. 

Hydrated  lime  for  waterproofing. — ^Ten  per  cent  is  called  for 
in  walls  and  parapet.  These  structural  parts  contain  176  cu.  yd. 
of  concrete,  which  would  require  293  barrels  of  cement,  equal  to 
117,200  lb.  Ten  per  cent  of  this  quantity  would  be  11,720  lb. 
of  hydrated  lime,  or  say  6  tons.  The  cost  of  hydrated  lime  de- 
livered to  the  job  in  paper  bags  would  be  $15  per  ton,  and  it 
would  not  cost  any  extra  to  add  this  waterproofing  to  the  con- 
crete while  it  is  being  mixed. 

Cinder  concrete  crickets  on  the  roof. — The  estimate  of  cost 
would  be  as  follows: 

J  barrel  of  cement $0.70 

i  yd,  sand 0.75 

1  yd.  cinders 0.30 

Labor 1.00 

Plant 1.25 

Total $4 .  00  per  cubic  yard 

Cinders  can  often  be  obtained  free  and  the  cost  varies  in  every 
locality,  running  sometimes  as  high  as  $1  per  cubic  yard. 

This  completes  the  estimate  for  the  reinforced-concrete  work 
in  the  building.  It  does  not  come  within  the  province  of  this 
work  to  deal  with  the  excavation,  windows  and  doors,  roofing, 
plumbing,  painting,  and  sub-contracting  work. 


Problem 

41.  Make  a  complete  estimate  for  the  building  designed  in  Problems  26  to 
29  inclusive. 


47 
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SECOND  REPORT  OF  JOINT  COMMITTEE  ON   CON- 
CRETE AND  REINFORCED  CONCRETE 

In  1903  and  1904  special  committees  were  appointed  by  the 
American  Society  of  Civil  Engineers,  American  Society  for 
Testing  Materials,  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association,  and  the  Association  of  American 
Portland  Cement  Manufacturers,  for  the  purpose  of  studying 
and  reporting  upon  the  making  and  use  of  concrete,  especially 
reinforced  concrete.  At  a  meeting  of  these  special  committees, 
held  at  Atlantic  City,  N.  J.,  on  June  17,  1904,  arrangements  were 
completed  for  collaborating  the  work  of  these  several  committees 
through  the  formation  of  the  Joint  Committee  on  Concrete  and 
Reinforced  Concrete.  The  Joint  Committee  rendered  its  first 
report  early  in  1909.  Critical  discussion  of  this  report  followed. 
For  the  past  two  years  the  Joint  Committee  has  been  con- 
sidering changes  in  the  report,  and,  on  Nov.  20,  1912,  the  revised 
or  second  report  was  adopted  by  the  Committee.  The  first 
public  presentation  of  the  new  report  was  made  to  the  American 
Society  of  Civil  Engineers  on  Jan.  15,  1913. 

Following  is  the  report  of  the  Joint  Committee  as  it  appeared 
in  the  Proceedings  of  the  American  Society  of  Civil  Engineers, 
February,  1913.  The  greater  part  of  the  introduction  to  the 
report  is  omitted. 

Since  the  appearance  of  the  first  Progress  Report,  many  experi- 
ments have  been  conducted  by  some  of  the  technical  institutions 
and  by  private  and  corporate  interests,  and  through  these  and 
through  longer  experience  in  construction  by  its  members  and 
others,  the  Committee  is  now  able  to  make  some  perfecting  modi- 
fications of  its  former  report  and  to  add  some  entirely  new 
material.  The  time,  therefore,  seems  opportune  for  presenting 
this  second  report,  bringing  the  work  up  to  date. 

The  Committee  would  point  out  that  while  the  report  deals 
with  every  kind  of  stress  to  which  concrete  is  subjected,  and 
48  615 
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includes  all  ordinary  conditions  of  proportioning  and  handling, 
it  does  not  go  into  all  types  of  construction  or  all  the  applications 
to  which  concrete  and  reinforced  concrete  may  be  put. 

It  is  not  to  be  assumed  that  the  Conmiittee  in  presenting  this 
report  wishes  to  imply  that  further  improvements  are  not  pos- 
sible. A  careful  reading  will  disclose  many  points  on  which  the 
present  deductions  are  regarded  as  only  tentative;  but  it  has 
been  the  aim  of  the  Committee  to  cover  as  fully  as  possible 
recommendations  based  on  the  present  state  of  the  art. 

This  report  is  what  the  word  implies,  and  nothing  more;  it  is 
not  a  "specification,"  but  may  be  used  as  a  basis  for  specifica- 
tions. 

The  use  of  concrete  and  reinforced  concrete  involves  the 
exercise  of  good  judgment  to  a  greater  degree  than  for  iiny  other 
building  material. 

Rules  cannot  produce  or  supersede  judgement;  on  the  con- 
trary, judgment  should  control  the  interpretation  and  applica- 
tion of  rules. 

A.  Adaptability  op  Concrete  and  Reinporced  Concrete 

The  adaptability  of  concrete  and  reinforced  concrete  for 
engineering  structures,  or  parts  thereof,  is  now  so  well  estab- 
lished that  they  may  be  considered  the  recognized  materials  of 
construction.  They  have  proved  satisfactory  materials,  when 
properly  used,  for  those  purposes  for  which  their  qualities  make 
them  particularly  suitable. 

1.  Uses 

Concrete  is  a  material  of  very  low  tensile  strength,  and  capable 
of  sustaining  but  very  small  tensile  deformations  without  rupture; 
its  value  as  a  structural  material  depends  chiefly  on  its  durabiUty, 
its  fire-resistive  qualities,  its  strength  in  compression,  its  rela- 
tively low  cost,  and  its  adaptability  to  placing,  especially  where 
space  is  cramped  or  limited.  Its  strength  increases  generally 
with  age. 

Concrete  is  well  adapted  for  structures  in  which  the  principal 
stresses  are  compressive,  such  as  foundations,  dams,  retaining 
and  other  walls,  tunnels,  piers,  abutments,  short  columns,  and, 
in  many  cases,  arches.  In  the  design  of  massive  concrete,  the 
tensile  strength  of  the  material  in  resisting  principal  stresses 
must  generally  be  neglected. 
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By  the  use  of  metal  reinforcement  to  resist  the  principal  tensile 
stresses,  concrete  becomes  available  for  general  use  in  a  great 
variety  of  structures  and  structural  forms.  This  combination 
of  concrete  and  metal  is  particularly  advantageous  in  the  beam, 
where  both  compression  and  tension  exist;  it  is  also  advantageous 
in  the  column,  where  the  main  stresses  are  compressive,  but 
where  cross-bending  may  exist.  In  structures  resisting  lateral 
forces,  it  possesses  advantages  over  plain  concrete  in  that  it  may 
be  designed  so  as  to  utilize  more  fully  the  strength  rather  than 
the  weight  of  the  material.  Metal  reinforcement  may  also  be  of 
value  in  distributing  cracks  due  to  shrinkage  and  temperature 
changes. 

2.  Precautions 

Failures  of  reinforced  concrete  structures  are  usually  due  to 
any  one  or  a  combination  of  the  following  causes:  defective 
design,  poor  material,  faulty  execution,  and  premature  removal 
of  forms. 

The  defects  in  a  design  may  be  many  and  various.  The  com- 
putations and  assumptions  on  which  they  were  based  may  be 
faulty  and  contrary  to  the  established  principles  of  statics  and 
mechanics;  the  unit  stresses  used  may  be  excessive,  or  the  details 
of  the  design  defective. 

Articulated  concrete  structures  designed  in  imitation  of  steel 
trusses,  may  be  mentioned  as  illustrating  a  questionable  use  of 
reinforced  concrete,  and  such  structures  are  not  recommended. 

Poor  material  is  sometimes  used  for  the  concrete,  as  well  as  for 
the  reinforcement.  The  use  of  poor  aggregates,  especially  sand, 
which  have  not  been  tested,  is  a  common  source  of  defect.  In- 
ferior concrete  is  frequently  due  also  to  lack  of  experience  on  the 
part  of  the  contractor  and  his  superintendents,  or  to  the  absence 
of  proper  supervision. 

An  unsuitable  quality  of  metal  for  reinforcement  is  sometimes 
prescribed  in  specifications,  for  the  purpose  of  reducing  the  cost. 
For  steel  structures,  a  high  grade  of  material  is  specified,  but  the 
steel  used  for  reinforcing  concrete  is  sometimes  made  of  unsuit- 
able, brittle  material. 

Faulty  execution,  careless  workmanship,  and  too  early  removal 
of  forms  may  generally  be  attributed  to  unintelligent  or  insuflB- 
cient  supervision. 
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3.  Responsibility  and  Supervision 

The  design  of  reinforced  concrete  structures  should  receive  at 
least  the  same  careful  consideration  as  those  of  steel,  and  only 
engineers  with  sufficient  experience  and  good  judgment  should  be 
intrusted  with  such  work. 

The  computations  should  include  all  minor  dietails,  which  are 
sometimes  of  the  utmost  importance.  The  design  should  show 
clearly  the  size  and  position  of  the  reinforcement,  and  should 
provide  for  proper  connections  between  the  component  parts, 
so  that  they  cannot  be  displaced.  As  the  connections  between 
reinforced  concrete  members  are  frequently  a  source  of  weakness, 
the  design  should  include  a  detailed  study  of  such  connections, 
accompanied  by  computations  to  prove  their  strength. 

While  other  engineering  structures  on  the  safety  of  which 
human  lives  depend  are  generally  designed  by  engineers  em- 
ployed by  the  owner,  and  the  contracts  let  on  the  engineer's 
design  and  specifications,  in  accordance  with  legitimate  practice, 
reinforced  concrete  structures  frequently  are  designed  by  con- 
tractors or  by  engineers  commercially  interested,  and  the  con- 
tract let  for  a  lump  sum. 

The  construction  of  buildings  in  large  cities  is  regulated  by 
ordinances  or  building  laws,  and  the  work  is  inspected  by  mimi- 
cipal  authorities.  For  reinforced  concrete  work,  however,  the 
limited  supervision  which  mimicipal  inspectors  are  able  to  give 
is  not  sufficient.  Therefore,  means  for  more  adequate  super- 
vision and  inspection  should  be  provided. 

The  execution  of  the  work  should  not  be  separated  from  the 
design,  as  intelligent  supervision  and  successful  execution  can  be 
expected  only  when  both  functions  are  combined.  The  engineer 
who  prepares  the  design  and  specifications,  therefore,  should 
have  the  supervision  of  the  execution  of  the  work. 

The  Committee  recommends  the  following  rules  for  structures 
of  reinforced  concrete  for  the  purpose  of  fixing  the  responsibility 
and  providing  for  adequate  supervision  during  construction: 

(a)  Before  work  is  commenced,  complete  plans  shall  be  pre- 
pared, accompanied  by  specifications,  stress  computations,  and 
descriptions  showing  the  general  arrangement  and  all  details. 
The  plans  shall  show  the  size,  length,  dimensions  for  points  of 
bending,  and  exact  position  of  all  reinforcement,  including 
stirrups,  ties,  hooping,  and  splicing.     The  computations  shall 
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give  the  loads  assumed  separately,  such  as  dead  and  live  loads, 
wind,  and  impact,  if  any,  and  the  resulting  stresses. 

(b)  The  specifications  shall  state  the  qualities  of  the  materials 
to  be  used  for  making  the  concrete,  and  the  manner  in  which 
they  are  to  be  proportioned. 

(c)  The  strength  which  the  concrete  is  expected  to  attain  after 
a  definite  period  shall  be  stated  in  the  specifications. 

(d)  The  drawings  and  specifications  shall  be  signed  by  the 
engineer  and  the  contractor. 

(e)  Plans  and  specifications  for  all  public  structures  should  be 
approved  by  a  legally  authorized  State  or  City  official,  and  copies 
of  such  plans  and  specifications  placed  on  file  in  his  office. 

(f)  .The  approval  of  plans  and  specifications  by  other  authori- 
ties shall  not  relieve  the  engineer  or  the  contractor  of  responsi- 
bility. 

(g)  Inspection  during  construction  shall  be  made  by  competent 
inspectors  employed  by  and  under  the  supervision  of  the  engineer, 
and  shall  cover  the  following: 

1.  The  materials. 

2.  The  correct  construction  and  erection  of  the  forms  and 
the  supports. 

3.  The  sizes,  shapes,  and  arrangement  of  the  reinforce- 
ment. 

4.  The  proportioning,  mixing,  and  placing  of  the  concrete. 

5.  The  strength  of  the  concrete,  by  tests  of  standard  test 
pieces  made  on  the  work. 

6.  Whether  the  concrete  is  sufficiently  hardened  before  the 
forms  and  supports  are  removed. 

7.  Prevention  of  injury  to  any  part  of  the  structure  by  and 
after  the  removal  of  the  forms. 

8.  Comparison  of  dimensions  of  all  parts  of  the  finished 
structure  with  the  plans. 

(h)  Load  tests  on  portions  of  the  finished  structure  shall  be 
made  where  there  is  reasonable  suspicion  that  the  work  has  not 
been  properly  performed,  or  that,  through  influences  of  some  kind, 
the  strength  has  been  impaired.  Loading  shall  be  carried  to  such 
a  point  that  one  and  three-quarters  times  the  calculated  working 
stresses  in  critical  parts  are  reached,  and  such  loads  shall  cause  no 
injurious  permanent  deformations.  Load  tests  shall  not  be  made 
until  after  60  days  of  hardening. 
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4.  Destructive  Agencies 

(a)  Corrosion  of  Metal  Reinforcement. — ^Tests  and  experience 
indicate  that  steel  sufficiently  embedded  in  good  concrete  is  well 
protected  against  corrosion,  no  matter  whether  located  above  or 
below  water  level.  It  is  recommended  that  such  protection  be 
not  less  than  1  in.  in  thickness.  If  the  concrete  is  porous,  so  as 
to  be  readily  permeable  by  water,  as  when  the  concrete  is  laid 
with  a  very  dry  consistency,  the  metal  may  corrode  on  account  of 
the  presence  of  moisture  and  air. 

(b)  Electrolysis, — The  most  recent  experimental  data  available 
on  this  subject  seem  to  show  that  while  reinforced  concrete  struc- 
tures may,  xmder  certain  conditions,  be  injured  by  the  flow  of 
electric  current  in  either  direction  between  the  reinforcing  mate- 
rial and  the  concrete,  such  injury  is  generally  to  be  expected  only 
where  voltages  are  considerably  higher  than  those  which  usually 
occur  in  concrete  structures  in  practice.  If  the  iron  be  positive, 
trouble  may  manifest  itself  by  corrosion  of  the  iron  accompanied 
by  cracking  of  the  concrete,  and,  if  the  iron  be  negative,  there  may 
be  a  softening  of  the  concrete  near  the  surface  of  the  iron,  resulting 
in  a  destruction  of  the  bond.  The  former,  or  anode  eflfect, 
decreases  much  more  rapidly  than  the  voltage,  and  almost  if  not 
quite  disappears  at  voltages  that  are  most  likely  to  be  encountered 
in  practice.  The  cathode  eflfect,  on  the  other  hand,  takes  place 
even  on  very  low  voltages,  and  is  therefore  more  important  from 
a  practical  standpoint  than  that  of  the  anode. 

Structures  containing  salt  or  calcium  chloride,  even  in  very 
small  quantities,  are  very  much  more  susceptible  to  the  eflfects 
of  electric  currents  than  normal  concrete,  both  the  anode  and 
cathode  eflfects  progressing  much  more  rapidly  in  the  presence  of 
chlorine. 

There  is  great  weight  of  evidence  to  show  that  normal  rein- 
forced concrete  structures  free  from  salt  are  in  very  little  danger 
under  most  practical  conditions,  while  non-reinforced  concrete 
structures  are  practically  immune  from  electroljrsis  troubles. 

The  results  of  experiments  now  in  progress  may  yield  more  con- 
clusive information  on  this  subject. 

(c)  Sea  Water. — The  data  available  concerning  the  eflfect  of 
sea  water  on  concrete  or  reinforced  concrete  are  limited  and  incon- 
clusive. Sea  walls  out  of  the  range  of  frost  action  have  been 
standing  for  many  years  without  apparent  injury.     In  many 
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harbors  where  the  water  is  brackish,  through  rivers  discharging 
into  them,  serious  disintegration  has  taken  place.  This  has 
occurred  chiefly  between  low  and  high  tide  levels,  and  is  due, 
evidently,  in  part  to  frost.  Chemical  action  also  appears  to  be 
indicated  by  the  softening  of  the  mortar.  To  effect  the  best  resis- 
tance to  sea  water,  the  concrete  must  be  proportioned,  mixed,  and 
placed  so  as  to  prevent  the  penetration  of  sea  water  into  the  mass 
or  through  the  joints.  The  cement  should  be  of  such  chemical 
composition  as  will  best  fesist  the  action  of  sea  water;  the  aggre- 
gates should  be  carefully  selected,  graded,  and  proportioned  with 
the  cement  so  as  to  secure  the  maximum  possible  density;  the 
concrete  should  be  thoroughly  mixed;  the  joints  between  old  and 
new  work  should  be  made  water-tight ;  and  the  concrete  should  be 
kept  from  exposure  to  sea  water  imtil  it  is  thoroughly  hard  and 
impervious. 

(d)  Acids, — Concrete  of  first-class  quality,  thoroughly  hard- 
ened, is  affected  appreciably  only  by  strong  acids  which  seriously 
injure  other  materials.  A  substance  like  manure  is  injiuious  to 
green  concrete,  but  after  the  concrete  has  hardened  thoroughly  it 
resists  the  action  of  such  acid  satisfactorily. 

(e)  Oils. — When  concrete  is  properly  made  and  the  sm^ace  is 
carefully  finished  and  hardened,  it  resists  the  action  of  such  min- 
eral oils  as  petroleima  and  ordinary  engine  oils.  Oils  which  con- 
tain fatty  acids  produce  injurious  effects,. forming  compounds  with 
the  lime  which  result  in  a  disintegration  of  the  concrete  in  contact 
with  them. 

(f)  Alkalies. — 'The  action  of  alkalies  on  concrete  is  problemati- 
cal. In  the  reclamation  of  arid  land,  where  the  soil  is  heavily 
charged  with  alkaline  salts,  it  has  been  found  that  concrete,  stone, 
brick,  iron,  and  other  materials  are  injured  under  certain  condi- 
tions. ■  It  would  seem  that  at  the  level  of  the  ground-water,  in 
an  extremely  dry  atmosphere,  such  structures  are  disintegrated, 
through  the  rapid  crystallization  of  the  alkaline  salts,  resulting 
from  the  alternate  wetting  and  drying  of  the  sm^ace.  Such 
destructive  action  can  be  prevented  by  the  use  of  a  protective 
coating,  and  is  minimized  by  securing  a  dense  concrete. 

B.  Materials 

A  knowledge  of  the  properties  of  the  materials  entering  into 
concrete  and  reinforced  concrete  is  the  first  essential.     The  impor- 
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tance  of  the  quality  of  the  materials  used  cannot  be  overestimated, 
and  not  only  the  cement  but  also  the  aggregates  should  be  subject 
to  such  definite  requirements  and  tests  as  will  insure  concrete  of 
the  desired  quality. 

1.  Cement 

There  are  available  for  construction  purposes :  Portland,  Nat- 
ural, and  Puzzolan  or  Slag  cements.  Only  Portland  cement  is 
suitable  for  reinforced  concrete. 

(a)  Portland  Cement, — This  is  the  finely  pulverized  product 
resulting  from  the  calcination  to  incipient  fusion  of  an  intimate 
mixture  of  properly  proportioned  argillaceous  and  calcareous 
materials.  It  has  a  definite  chemical  comi>osition  varying  within 
comparatively  narrow  limits. 

Portland  cement  should  be  used  in  reinforced  concrete  con- 
struction and  any  construction  that  will  be  subject  to  shocks  or 
vibrations  or  stresses  other  than  direct  compression. 

(b)  Natural  Cement,-^TlAs  is  the  finely  pulverized  product 
resulting  from  the  calcination  of  an  argillaceous  limestone  at  a 
temperature  only  sufficient  to  drive  off  the  carbonic  acid  gas. 
Although  the  limestone  must  have  a  certain  composition,  this  com- 
position may  vary  within  much  wider  limits  than  in  the  case  of  Port- 
land cement.  Natural  cement  does  not  develop  its  strength  as 
quickly,  nor  is  it  as  uniform  in  composition,  as  Portland  cement. 

Natural  cement  may  be  used  in  massive  masonry  where  weight 
rather  than  strength  is  the  essential  feature. 

Where  economy  is  the  governing  factor,  a  comparison  may  be 
made  between  the  use  of  natural  cement  and  a  leaner  mixture  of 
Portland  cement  that  will  develop  the  same  strength. 

(c)  Pvzzolan  or  Slag  Cement, — This  is  the  finely  pulverized 
product  resulting  from  grinding  a  mechanical  mixture  of  granu- 
lated basic  blast  furnace  slag  and  hydrated  Ume. 

Puzzolan  cement  is  not  nearly  as  strong,  imiform,  or  reliable 
as  Portland  or  natural  cement,  is  not  used  extensively,  and  never 
in  important  work;  it  should  be  used  only  for  foundation  work 
undergroimd  where  it  is  not  exposed  to  air  or  running  water. 

(d)  Specifications. — The  cement  should  meet  the  requirements 
of  the  Standard  Methods  of  Testing  and  Specifications  for 
Cement  (see  Section  H),  or  as  may  be  hereafter  amended,  the 
result  of  the  joint  labors  of  Special  Committees  of  the  American 
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Society  of  Civil  Eiigineers,  American  Society  for  Testing  Mate- 
rials, American  Railway  Engineering  Association,  and  others. 

2.  Aggregates 

Extreme  care  should  be  exercised  in  selecting  the  aggregates  for 
mortar  and  concrete,  and  careful  tests  made  of  the  materials  for 
the  purpose  of  determining  their  qualities  and  the  grading  neces- 
sary to  secure  maximiun  density^  or  a  minimum  percentage  of 
voids. 

(a)  Fine  Aggregate, — This  should  consist  of  sand,  crushed  stone, 
or  gravel  screenings,  graded  from  fine  to  coarse,  and  passing  when 
dry  a  screen  having  holes  J  in.  in  diameter;  it  is  perferable  that 
it  be  of  silicious  material,  and  should  be  clean,  coarse,  free  from 
dust,  soft  particles,  vegetable  loam,  or  other  deleterious  matter; 
and  not  more  than  6  per  cent  should  pass  a  sieve  having  100 
meshes  per  linear  inch.     Fine  aggregates  should  always  be  tested. 

Fine  aggregate  should  be  of  such  quality  that  mortar  composed 
of  one  part  Portland  cement  and  three  parts  fine  aggregate  by 
weight,  when  made  into  briquettes,  will  show  a  tensile  strength 
at  least  equal  to  the  strength  of  1 :  3  mortar  of  the  same  consist- 
ency made  with  the  same  cement  and  standard  Ottawa  sand.* 
If  the  aggregate  be  of  poorer  quality,  the  proportion  of  cement  in 
the  mortar  should  be  increased  to  secure  the  desired  strength. 

If  the  strength  developed  by  the  aggregate  in  the  1 :  3  mortar  is 
less  than  70  per  cent  of  the  strength  of  the  Ottawa  sand  mortar, 
the  material  should  be  rejected.  To  avoid  the  removal  of  any 
coating  on  the  grains,  which  may  affect  the  strength,  bank  sands 
should  not  be  dried  before  being  made  into  mortar,  but  should 
contain  natural  moisture.  The  percentage  of  moisture  may  be 
determined  on  a  separate  sample  for  correcting  weight.  From  10 
to  40  per  cent  more  water  may  be  required  in  mixing  bank  or 
artificial  sands  than  for  standard  Ottawa  sand  to  produce  the 
same  consistency. 

(b)  Coarse  Aggregate. — This  should  consist  of  crushed  stone  or 
gravel  which  is  retained  on  a  screen  having  holes  J  in.  in  diameter, 

1 A  convenient  coefficient  of  density  is  the  ratio  of  the  sum  of  the  volumes  of  materials 
contained  in  a  unit  volume  to  the  total  unit  volume. 

'a  natural  sand  obtained  at  Ottawa,  111..  paseinR  a  screen  having  20  meshes  and  re- 
tained on  a  screen  having  30  meshes  per  lin  in.,  prepared  and  furnished  by  the  Ottawa 
Silica  Company,  for  2  cents  per  lb.,  f.o.b.  cars,  Ottawa,  III.,  under  the  direction  of  the 
Special  Committee  on  Uniform  Tests  of  Cement  of  the  American  Society  of  Civil 
Engineers. 
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and  graded  from  the  smallest  to  the  largest  particles;  it  should  be 
clean,  hard,  durable,  and  free  from  all  deleterious  matter.  Aggre- 
gates containing  dust,  and  soft,  flat,  or  elongated  particles,  should 
be  excluded  from  important  structures. 

The  maximum  size  of  the  coarse  aggregate  is  governed  by  the 
character  of  the  construction. 

For  reinforced  concrete  and  for  small  masses  of  unreinforced 
concrete,  the  aggregate  must  be  small  enough  to  produce  with  the 
mortar  a  homogeneous  concrete  of  viscous  consistency  which  will 
pass  readily  between  and  easily  surroxmd  the  reinforcement  and 
fill  all  parts  of  the  forms. 

For  concrete  in  large  masses,  the  size  of  the  coarse  aggregate 
may  be  increased,  as  a  large  aggregate  produces  a  stronger  con- 
crete than  a  fine  one,  although  it  should  be  noted  that  the  danger 
of  separation  from  the  mortar  becomes  greater  as  the  size  of 
the  coarse  aggregate  increases. 

Cinder  concrete  should  not  be  used  for  reinforced  concrete 
structures.  It  may  be  allowable  in  mass  for  very  light  loads  or 
for  fire  protection  purposes.  The  cinders  used  should  be  com- 
posed of  hard,  clean,  vitreous  clinker,  free  from  sulphides, 
unbumed  coal,  or  ashes. 

3.  Water 

The  water  used  in  mixing  concrete  should  be  free  from  oil,  acid, 
alkalies,  or  organic  matter. 

4.  Metal  Reinforcement 

The  Committee  recommends,  as  a  suitable  material  for  rein- 
forcement, steel  filling  the  requirements  for  structural  steel 
reinforcement  of  the  specifications  adopted  by  the  American  Rail- 
way Engineering  Association  (Section  H). 

Where  little  bending  or  shaping  is  required,  and  also  for  rein- 
forcement for  shrinkage  and  temperature  stresses,  material  filling 
the  requirements  of  the  specifications  adopted  by  the  American 
Railway  Engineering  Association  for  high-carbon  steel  (Section 
H)  may  be  used,  adopting  the  same  unit  stress  as  hereinafter 
recommended  for  structural  grade  material. 

For  the  reinforcement  of  slabs,  small  beams,  or  minor  details,  or 
for  reinforcement  for  shrinkage  and  temperature  stresses,  wire 
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drawn  from  bars  of  the  grade  of  rivet  steel  may  be  used,  with  the 
miit  stresses  hereinafter  recommended. 

The  reinforcement  should  be  free  from  excessive  rust,  scale,  or 
coatings  of  any  character  which  would  tend  to  reduce  or  destroy 
the  bond. 

C.  Preparing  and  Placing  Mortar  and  Concrete 

1.  Proportions 

The  materials  to  be  used  in  concrete  should  be  carefully 
selected,  of  imiform  quality,  and  proportioned  with  a  view  to 
securing  as  nearly  as  possible  a  maximum  density. 

(a)  Unit  of  Measure. — The  unit  of  measure  should  be  the  cubic 
foot.  A  bag  of  cement,  containing  94  lb.  net,  should  be  consid- 
ered the  equivalent  of  1  cu.  ft. 

The  measurement  of  the  fine  and  coarse  aggregates  should  be 
by  loose  volume. 

(b)  RelcUion  of  Fine  and  Coarse  Aggregates. — The  fine  and  coarse 
aggregate  should  be  used  in  such  relative  proportions  as  will 
insure  maximum  density.  In  unimportant  work  it  is  suflBcient  to 
do  this  by  individual  judgment,  using  correspondingly  higher 
proportions  of  cement;  for  important  work  these  proportions 
should  be  carefully  determined  by  density  experiments,  and  the 
sizing  of  the  fine  and  coarse  aggregates  should  be  uniformly 
maintained  or  .the  proportions  changed  to  meet  the  varying  sizes. 

(c)  Relation  of  Cement  and  Aggregates. — For  reinforced  concrete 
construction,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and 
coarse  aggregates  measured  separately  should  generally  be  used. 
For  columns,  richer  mixtures  are  generally  preferable,  and  in  mas- 
sive masonry  or  rubble  concrete,  a  mixture  of  1 :  9  or  even  1 :12 
may  be  used. 

These  proportions  should  be  determined  by  the  strength  of  the 
wearing  qualities  required  in  the  constrcution  at  the  critical  period 
of  its  use.  Experienced  judgment  based  on  individual  observa- 
tion and  tests  of  similar  conditions  in  similar  locaUties  is  an  excel- 
lent guide  as  to  the  proper  proportions  for  any  particular  case. 

For  all  important  construction,  advance  tests  should  be  made 
of  concrete,  of  the  materials,  proportions,  and  consistency  to  be 
used  in  the  work.  These  tests  should  be  made  under  laboratory 
conditions  to  obtain  imiformity  in  mixing,  proportioning,  and 
storage,  and  in  case  the  results  do  not  conform  to  the  requirements 
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of  the  work,  aggregates  of  a  better  quality  sheuld  be  chosen,  or 
richer  proportions  used  to  obtain  the  desired  results. 

2.  Mixing 

The  ingredients  of  concrete  should  be  thoroughly  mixed,  and 
the  mixing  should  continue  until  the  cement  is  uniformly  dis- 
tributed and  the  mass  is  uniform  in  color  and  homogeneous.  As 
the  maximum  density  and  greatest  strength  of  a  given  mixture 
depend  largely  on  thorough  and  complete  mixing,  it  is  essential 
that  the  work  of  mixing  should  receive  special  attention  and  care. 

Inasmuch  as  it  is  difficult  to  determine,  by  visual  inspection, 
whether  the  concrete  is  uniformly  mixed,  especially  where  lime- 
stone or  aggregates  having  the  color  of  cement  are  used,  it  is 
essential  that  the  mixing  should  occupy  a  definite  period  of  time. 
The  minimum  time  will  depend  on  whether  the  mixing  is  done  by 
machine  or  hand. 

(a)  Measuring  Ingredients, — Methods  of  measurement  of  the 
proportions  of  the  various  ingredients  should  be  used  which  will 
secure  separate  and  imiform  measurements  of  cement,  fine  aggre- 
gate, coarse  aggregate,  and  water,  at  all  times. 

(b)  Machine  Mixing, — When  the  conditions  will  permit, 
a  machine  mixer  of  a  type  which  insures  the  uniform  proportion- 
ing of  the  materials  throughout  the  mass  should  be  used,  as  a  more 
uniform  consistency  can  be  thus  obtained.  The  mixing  should 
continue  for  a  minimum  time  of  at  least  1  minute  after  all  the 
ingredients  are  assembled  in  the  mixer. 

(c)  Hand  Mixing. — When  it  is  necessary  to  mix  by  hand,  the 
mixing  should  be  on  a  water-tight  platform,  and  especial  precau- 
tions should  be  taken  to  turn  all  the  ingredients  together  at  least 
six  times  and  imtil  they  are  homogeneous  in  appearance  and  color 

(d)  Consistency. — The  materials  should  be  mixed  wet  enough  to 
produce  a  concrete  of  such  a  consistency  as  will  flow  into  the 
forms  and  about  the  metal  reinforcement  when  used,  and  which, 
at  the  same  time,  can  be  conveyed  from  the  mixer  to  the  forms 
without  separation  of  the  coarse  aggregate  from  the  mortar. 

(e)  Retempering. — Mortar  or  concrete  should  not  be  remixed 
with  water  after  it  has  partly  set. 

3.  Placing  Concrete 

(a)  Methods. — Concrete,  after  the  completion  of  the  mixing, 
should  be  handled  rapidly,  and  in  as  small  masses  as  is  practicable, 
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from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no 
circumstances  should  concrete  be  used  that  has  partly  set.  A 
slow-setting  cement  should  be  used  when  a  long  time  is  Ukely  to 
occur  between  mixing  and  placing. 

Concrete  should  be  deposited  in  such  a  manner  as  will  permit 
the  most  thorough  compacting,  such  as  can  be  obtained  by 
working  with  a  straight  shovel  or  slicing  tool  kept  moving  up  and 
down  until  all  the  ingredients  have  settled  in  their  proper  places 
by  gravity,  and  the  surplus  water  has  been  forced  to  the  surface. 
Special  care  should  be  exercised  to  prevent  the  formation  of  lait- 
ance,  which  hardens  very  slowly  and  forms  a  poor  surface 
on  which  to  deposit  fresh  concrete.  All  laitance  should  be 
removed. 

Before  depositing  concrete,  the  reinforcement  should  be  care- 
fully placed  in  accordance  with  the  plans,  and  adequate  means 
provided  to  hold  it  in  its  proper  position  until  the  concrete  has 
been  deposited  and  compacted;  care  should  be  taken  to  see  that 
the  forms  are  substantial  and  thoroughly  wetted  (except  in  freez- 
ing weather)  or  oiled,  and  that  the  space  to  be  occupied  by  the 
concrete  is  free  from  debris.  When  the  placing  of  concrete  is 
suspended,  all  necessary  grooves  for  joining  future  work  should  be 
made  before  the  concrete  has  had  time  to  set. 

When  work  is  resumed,  concrete  previously  placed  should  be 
roughened,  thoroughly  cleansed  of  foreign  material  and  laitance, 
thoroughly  wetted,  and  then  slushed  with  a  mortar  consisting  of 
one  part  Portland  cement  and  not  more  than  two  parts  fine 
aggregate. 

The  faces  of  concrete  exposed  to  premature  drying  should  be 
kept  wet  for  a  period  of  at  least  7  days. 

(b)  Freezing  Weather, — Concrete  should  not  be  mixed  or  depos- 
ited at  a  freezing  temperature,  unless  special  precautions  are 
taken  to  avoid  the  use  of  materials  covered  with  ice  crystals  or 
containing  frost,  and  to  provide  means  to  prevent  the  concrete 
from  freezing  after  being  placed  in  position  and  until  it  has  thor- 
oughly hardened. 

As  the  coarse  aggregate  forms  the  greater  portion  of  the  con- 
crete, it  is  particularly  important  that  this  material  be  heated  to 
well  above  the  freezing  point. 

(c)  Rubble  Concrete. — Where  the  concrete  is  to  be  deposited  in 
massive  work,  its  value  may  be  improved  and  its  cost  materially 
reduced  by  the  use  of  clean  stones  thoroughly  embedded  in  the 
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concrete  as  near  together  as  is  possible  and  still  entirely  sur- 
rounded by  concrete. 

(d)  Under  Water, — In  placing  concrete  under  water,  it  is 
essential  to  maintain  still  water  at  the  place  of  deposit.  The  use 
of  tremies,  properly  designed  and  operated,  is  a  satisfactory 
method  of  placing  concrete  through  water.  The  concrete  should 
be  mixed  very  wet  (more  so  than  is  ordinarily  permissible)  so 
that  it  will  flow  readily  through  the  tremie  and  into  the  place  with 
practically  a  level  surface. 

The  coarse  aggregate  should  be  smaller  than  ordinarily  used, 
and  never  more  than  1  in.  in  diameter.  The  use  of  gravel  facili- 
tates mixing  and  assists  the  flow  of  concrete  through  the  tremie. 
The  mouth  of  the  tremie  should  be  buried  ia  the  concrete  so  far 
that  it  is  at  all  times  entirely  sealed  and  the  surrounding  water 
prevented  from  forcing  itself  into  the  tremie;  the  concrete  will 
then  discharge  without  coming  in  contact  with  the  water.  The 
tremie  should  be  suspended  so  that  it  can  be  lowered  quickly 
when  it  is  necessary  either  to  choke  oflf  or  prevent  too  rapid  flow; 
the  lateral  flow  should  preferably  be  not  more  than  15  ft. 

The  flow  should  be  continuous,  in  order  to  produce  a  mono- 
lithic mass  and  prevent  the  formation  of  laitance  in  the  interior. 

Iq  large  structures  it  may  be  necessary  to  divide  the  mass  of 
concrete  into  several  small  compartments  or  \mits,  filling  one  at  a 
time.  With  proper  care,  it  is  possible  in  this  manner  to  obtain  as 
good  results  imder  water  as  in  the  air. 

D.  Forms 

Forms  should  be  substantial  and  unyielding,  so  that  the 
concrete  shall  conform  to  the  designed  dimensions  and  contours; 
and  they  should  be  tight  in  order  to  prevent  the  leakage  of  mortar. 

The  time  for  removal  of  forms  is  one  of  the  most  important 
steps  in  the  erection  of  a  structure  of  concrete  or  reinforced 
concrete.  Care  should  be  taken  to  inspect  the  concrete  and 
ascertain  its  hardness  before  removing  the  forms. 

So  many  conditions  affect  the  hardening  of  concrete  that  the 
proper  time  for  the  removal  of  the  forms  should  be  decided  by 
some  competent  and  responsible  person,  especially  where  the 
atmospheric  conditions  are  imfavorable. 

It  may  be  stated  in  a  general  way  that  forms  should  remain  in 
place  longer  for  reinforced  concrete  than  for  plain  or  massive 
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concrete,  and  that  forms  for  floors,  beams,  and  similar  horizoatal 
structures  should  remain  in  place  much  longer  than  for  vertical 
walls. 

When  the  concrete  gives  a  distinctive  ring  under  the  blow  of  a 
hammer,  it  is  generally  an  indication  that  it  has  hardened  suflS- 
ciently  to  permit  the  removal  of  the  forms  with  safety.  If, 
however,  the  temperature  is  such  that  there  is  any  possibility 
that  the  concrete  is  frozen,  this  test  is  not  a  safe  reliance,  as  frozen 
concrete  may  appear  to  be  very  hard. 

E.  Details  op  Construction 
1.  Joints 

(a)  Concrete. — For  concrete  construction  it  is  desirable  to  cast 
the  entire  structure  at  one  operation,  but  as  this  is  not  always 
possible,  especially  in  large  structures,  it  is  necessary  to  stop  the 
work  at  some  convenient  point.  This  point  should  be  selected 
s<5  that  the  resulting  joint  may  have  the  least  possible  effect  on  the 
strength  of  the  structure.  It  is  therefore  recommended  that  the 
joints  in  columns  be  made  flush  with  the  lower  side  of  the  girders; 
that  the  joints  in  girders  be  at  a  point  midway  between  supports, 
but  should  a  beam  intersect  a  girder  at  this  point,  the  joint  should 
be  offset  a  distance  equal  to  twice  the  width  of  the  beam ;  that  the 
joints  in  the  members  of  a  floor-system  should  in  general  be  made 
at  or  near  the  center  of  the  span. 

Joints  in  columns  should  be  perpendicular  to  the  axis  of  the 
column,  and  in  girders,  beams,  and  floor  slabs  perpendicular  to 
the  plane  of  their  surfaces. 

Girders  should  never  be  constructed  over  freshly  formed  col- 
umns without  permitting  a  period  of  at  least  2  hours  to  elapse, 
thus  providing  for  settlement  or  shrinkage  in  the  columns. 

Shrinkage  and  contraction  joints  may  be  necessary  in  concrete 
subject  to  great  fluctuations  in  temperature.  The  frequency  of 
these  joints  will  depend,  first,  on  the  range  of  temperature  to 
which  the  concrete  will  be  subjected,  and  second,  on  the  quantity 
and  position  of  the  reinforcement.  These  joints  should  be  deter- 
mined, and  provided  for  in  the  design.  In  massive  work,  such 
as  retaining  walls,  abutments,  etc.,  built  without  reinforcement, 
contraction  joints  should  be  provided  at  intervals  of  from  25  to  50 
ft.  and  with  reinforcement  from  50  to  80  ft.  (the  smaller  the  height 
and  thickness,  the  closer  the  spacing)  throughout  the  length  of 
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the  structure.  To  provide  against  the  structure  being  thrown  out 
of  line  by  imequal  settlement,  each  section  of  the  wall  should  be 
tongued  and  grooved  into  the  adjoining  section.  A  groove  should 
be  formed  in  the  surface  of  the  concrete  at  vertical  joints  in  walls 
or  abutments. 

Shrinkage  and  contraction  joints  should  be  lubricated  by  either 
an  application  of  petroleum  residuum  oil  or  a  similar  material, 
so  as  to  permit  a  free  movement  at  the  joint  when  the  concrete 
expands  or  contracts. 

The  insertion  of  a  sheet  of  copper  or  zinc,  or  even  tarred  paper, 
will  be  found  advantageous  in  securing  expansion  and  contraction 
at  the  joint. 

(b)  Reinforcement, — Wherever  it  is  necessary  to  splice  tension 
reinforcement,  the  length  of  lap  should  be  determined  on  the 
basis  of  the  safe  bond  stress,  the  stress  in  the  bar,  and  the  shearing 
resistance  of  the  concrete  at  the  point  of  spUce;  or  a  connection 
should  be  made  between  the  bars  of  sufficient  strength  to  carry 
the  stress.  Splices  at  points  of  maximum  stress  should  be 
avoided.  In  columns,  bars  more  than  f  in.  in  diameter,  not  sub- 
ject to  tension,  should  be  properly  squared  and  butted  in  a  suitable 
sleeve;  smaller  bars  may  be  treated  as  indicated  for  tension 
reinforcement,  or  the  stress  may  be  cared  for  by  embedment  in 
large  masses  of  concrete.  At  foundations,  bearing  plates  should 
be  provided  for  supporting  the  bars,  or  the  bars  may  be  carried 
into  the  footing  a  sufficient  distance  to  transmit  the  stress  of  the 
steel  to  the  concrete  by  means  of  the  bearing  and  bond  resistance; 
in  no  case  shall  the  ends  of  the  bars  be  permitted  merely  to  rest 
on  concrete. 

2.  Shrinkage  and  Temperature  Changes 

Shrinkage  of  concrete,  due  to  hardening  and  contraction  from 
temperature  changes,  causes  cracks  the  size  of  which  depends  on 
the  extent  of  the  mass.  The  resulting  stresses  are  important  in 
monolithic  construction,  and  should  be  considered  carefully  by 
the  designer;  they  cannot  be  counteracted  successfully,  but  the 
effects  can  be  minimized. 

Large  cracks,  produced  by  quick  hardening  or  wide  ranges  of 
temperature,  can  be  broken  up  to  some  extent  into  small  cracks 
by  placing  reinforcement  in  the  concrete;  in  long  continuous 
lengths  of  concrete,  it  is  better  to  provide  shrinkage  joints  at  points 
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in  the  structure  where  they  will  do  little  or  no  harm.  Reinforce- 
ment is  of  assistance,  and  permits  longer  distances  between 
shrinkage  joints  than  when  no  reinforcement  is  used. 

Small  masses  or  thin  bodies  of  concrete  should  not  be  joined  to 
larger  or  thicker  masses  without  providing  for  shrinkage  at  such 
points.  Fillets  similar  to  those  used  in  metal  castings,  but  of 
larger  dimensions,  for  gradually  reducing  from  the  thicker  to  the 
thinner  body,  are  of  advantage. 

Shrinkage  cracks  are  likely  to  occur  at  points  where  fresh  con- 
crete is  joined  to  that  which  is  set,  and  hence,  in  placing  the  con- 
crete, construction  joints  should  be  made  on  horizontal  and  verti- 
cal lines,  and,  if  possible,  at  points  where  joints  would  naturally 
occur  in  dimension-stone  masonry. 

3.  Fire-proofing 

The  actual  fire  tests  of  concrete  and  reinforced  concrete  have 
been  Umited,  but  experience,  together  with  the  results  of  tests 
thus  far  made,  indicates  that  concrete,  on  accoimt  of  its  low  rate  of 
heat  conductivity  and  the  fact  that  it  is  incombustible,  may  be 
used  safely  for  fire-proofing  purposes. 

The  dehydration  of  concrete  probably  begins  at  about  500° 
F.,  and  is  completed  at  about  900°  F.,  but  experience  indicates 
that  the  volatilization  of  the  water  absorbs  heat  from  the  sur- 
rounding mass,  which,  together  with  the  resistance  of  the  air 
cells,  tends  to  increase  the  heat  resistance  of  the  concrete,  so 
that  the  process  of  dehydration  is  very  much  retarded.  The 
concrete  that  is  actually  affected  by  fire  remains  in  position  and 
affords  protection  to  the  concrete  beneath  it. 

The  thickness  of  the  protective  coating  required  depends  on  the 
probable  duration  of  a  fire  which  is  Ukely  to  occur  in  the  structure, 
and  should  be  based  on  the  rate  of  heat  conductivity.  The 
question  of  the  conductivity  of  concrete  is  one  which  requires 
further  study  and  investigation  before  a  definite  rate  for  different 
classes  of  concrete  can  be  fully  established.  However,  for  ordi- 
nary conditions,  it  is  recommended  that  the  metal  in  girders  and 
columns  be  protected  by  a  minimum  of  2  in.  of  concrete;  that  the 
metal  in  beams  be  protected  by  a  minimum  of  li  in.  of  concrete; 
and  that  the  metal  in  floor  slabs  be  protected  by  a  minimimi  of 
1  in.  of  concrete. 

It  is  recommended  that,  in  monolithic  concrete  coliunns,  the 
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concrete  to  a  depth  of  H  in.  be  considered  as  protective  covering, 
and  not  included  in  the  effective  section. 

It  is  recommended  that  the  comers  of  columns,  girders,  and 
beams  be  beveled  or  rounded,  as  a  sharp  comer  is  more  seriously 
affected  by  fire  than  a  roimd  one. 

4.  Water-proofing 

Many  expedients  have  been  used  to  render  concrete  impervious 
to  water  under  normal  conditions,  and  also  under  pressure  condi* 
tions  that  exist  in  reservoirs,  dams,  and  conduits  of  various  kinds. 
Experience  shows,  however,  that  where  mortar  or  concrete  is 
proportioned  to  obtain  the  greatest  practicable  density  and  is 
mixed  to  a  rather  wet  consistency,  the  resulting  mortar  or  con- 
crete is  impervious  imder  moderate  pressure. 

A  concrete  of  dry  consistency  is  more  or  less  pervious  to  water, 
and  compoimds  of  various  kinds  have  been  mixed  with  the  con- 
crete, or  appUed  as  a  wash  to  the  surface  for  the  purpose  of  making 
it  water-tight.  Many  of  these  compounds  are  of  but  temporary 
value,  and  in  time  lose  their  power  of  imparting  impermeability 
to  the  concrete. 

In  the  case  of  subways,  long  retaining  walls,  and  reservoirs, 
provided  the  concrete  itself  is  impervious,  cracks  may  be  so 
reduced  by  horizontal  and  vertical  reinforcement  properly  pro- 
portioned and  located,  that  they  are  too  minute  to  permit  leak- 
age, or  are  soon  closed  by  infiltration  of  silt. 

Coal-tar  preparations,  applied  either  as  a  mastic  or  as  a  coating 
on  felt  or  cloth  fabric,  are  used  for  water-proofing,  and  should  be 
proof  against  injury  by  liquids  or  gases. 

For  retaining  and  similar  walls  in  direct  contact  with  the  earth, 
the  appUcation  of  one  or  two  coatings  of  hot  coal-tar  pitch  to  the 
thoroughly  dried  surface  of  concrete  is  an  efficient  method  of 
preventing  the  penetration  of  moisture  from  the  earth. 

5.  Surface  Finish 

Concrete  is  a  material  of  an  individual  type,  and  should  not  be 
used  in  imitation  of  other  structural  materials.  One  of  the  impor- 
tant problems  connected  with  its  use  is  the  character  of  the  finish 
of  exposed  surfaces.  The  finish  of  the  surface  should  be  deter- 
mined before  the  concrete  is  placed,  and  the  work  should  be 
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conducted  so  as  to  make  possible  the  finish  desired.  For  many 
forms  of  construction  the  natural  surface  of  the  concrete  is  imob- 
jectionable,  but  frequently  the  marks  of  the  boards  and  the  flat 
dead  siuf  ace  are  displeasing,  making  some  special  treatment  desir- 
able. A  treatment  of  the  surface,  either  by  scrubbing  it  while 
green  or  by  tooling  it  after  it  is  hard,  which  removes  the  film  of 
mortar  and  brings  the  aggregates  of  the  concrete  into  relief  is 
frequently  used  to  remove  the  form  markings,  break  the  monoto- 
nous appearance  of  the  surface,  and  make  it  more  pleasing.  The 
plastering  of  surfaces,  as  ordinarily  applied,  should  be  avoided, 
for,  even  if  carefully  done,  it  is  likely  to  peel  off  under  the  action  of 
frost  or  temperature  changes. 

F.  Design 
1.  Massive  Concrete 

In  the  design  of  massive  or  plain  concrete,  no  accoimt  should  be 
taken  of  the  tensile  strength  of  the  material,  and  sections  should 
usually  be  proportioned  so  as  to  avoid  tensile  stresses,  except  in 
slight  amounts  to  resist  indirect  stresses.  This  will  generally  be- 
accomplished,  in  the  case  of  rectangular  shapes,  if  the  line  of. 
pressure  is  kept  within  the  middle  third  of  the  section,  but,  in 
very  large  structures,  such  as  high  masonry  dams,  a  more  exact 
analysis  may  be  required.  Structures  of  massive  concrete  are 
able  to  resist  imbalanced  lateral  forces  by  reason  of  their  weight, 
hence  the  element  of  weight  rather  than  strength  often  determines 
the  design.  A  relatively  cheap  and  weak  concrete,  therefore, 
will  often  be  suitable  for  massive  concrete  structures. 

It  is  desirable,  generally,  to  provide  joints  at  intervals,  to  local- 
ize the  effect  of  contraction. 

Massive  concrete  is  suitable  for  dams,  retaining  walls,  and  piers 
and  short  columns  in  which  the  ratio  of  length  to  least  width  is 
relatively  small.  Under  ordinary  conditions,  this  ratio  should  not 
exceed  six.  It  is  also  suitable  for  arches  of  moderate  span,  where 
the  conditions  as  to  foundations  are  favorable. 

2.  Reinforced  Concrete 

By  the  use  of  metal  reinforcement  to  resist  the  principal  tensile 
stresses,  concrete  becomes  available  for  general  use  in  a  great 
variety  of  structures  and  structural  forms.     This  combination  of 
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concrete  and  metal  is  particularly  advantageous  in  the  beam, 
where  both  compression  and  tension  exist;  it  is  also  advantageous 
in  the  column,  where  the  main  stresses  are  compressive,  but  where 
cross-bending  may  exist.  The  theory  of  design,  therefore,  will 
relate  mainly  to  the  analysis  of  beams  and  columns. 

3.    General  Assumptions 

(a)  Loads. — The  loads  or  forces  to  be  resisted  consist  of: 

1.  The  Dead  Load, — This  includes  the  weight  of  the  struc- 
ture and  fixed  loads  and  forces. 

2.  The  Live  Load. — This  consists  of  the  loads  and  forces  which 
are  variable.  The  dynamic  effect  of  the  live  load  will 
often  require  consideration.  Any  allowance  for  the  dy- 
namic effect  is  preferably  taken  into  account  by  adding  the 
desired  amount  to  the  live  load  or  to  the  live-load  stresses. 
The  working  stresses  hereinafter  recommended  are 
intended  to  apply  to  the  equivalent  static  stresses  thus 
determined. 

In  the  case  of  high  buildings,  the  live  load  on  columns 
may  be  reduced  in  accordance  with  the  usual  practice. 

(b)  Lengths  of  Beams  and  Columns. — The  span  length  for  beams 
and  slabs  shall  be  taken  as  the  distance  from  center  to  center  of 
supports,  but  need  not  be  taken  to  exceed  the  clear  span  plus  the 
depth  of  beam  or  slab.  Brackets  shall  not  be  considered  as 
reducing  the  clear  span  in  the  sense  here  intended. 

The  length  of  columns  shall  be  taken  as  the  maximimi  unsup- 
ported length. 

(c)  Internal  Stresses. — As  a  basis  for  calculations  relating  to 
the  strength  of  structures,  the  following  assumptions  are  recom- 
mended : 

1.  Calculations  will  be  made  with  reference  to  working 
stresses  and  safe  loads,  rather  than  with  reference  to 
ultimate  strength  and  ultimate  loads. 

2.  A  plane  section  before  bending  remains  plane  after 
bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression, 
within  the  usual  Umits  of  working  stresses,  is  constant. 
The  distribution  of  compressive  stresses  in  beams,  there- 
fore, is  rectilinear. 
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4.  In  calculating  the  moment  of  resistance  of  beams,  the 
tensile  stresses  in  the  concrete  are  neglected. 

5.  Perfect  adhesion  is  assimied  between  concrete  and 
reinforcement.  Under  compressive  stresses,  the  two 
materials,  therefore,  are  stressed  in  proportion  to  their 
moduli  of  elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the 
modulus  of  elasticity  of  concrete  is  taken  at  15,  except 
as  modified  in  Section  G. 

7.  Initial  stress  in  the  reinforcement,  due  to  contraction  or 
expansion  in  the  concrete,  is  neglected. 

It  is  recognized  that  some  of  the  assumptions  given  herein  are 
not  entirely  borne  out  by  experimental  data.  They  are  given  in 
the  interest  of  simplicity  and  imiformity,  and  variations  from 
exact  conditions  are  taken  into  account  in  the  selection  of  form- 
ulas and  working  stresses. 

The  deflection  of  beams  is  affected  by  the  tensile  strength 
developed  throughout  the  length  of  the  beam.  For  calculations 
of  deflections,  a  value  of  8  for  the  ratio  of  the  moduli  will  give 
results  corresponding  approximately  with  the  actual  conditions. 

4.  T-Beams 

In  beam  and  slab  construction,  an  effective  bond  should  be 
provided  at  the  jimction  of  the  beam  and  slab.  When  the  prin- 
cipal slab  reinforcement  is  parallel  to  the  beam,  transverse 
reinforcement  should  be  used,  extending  over  the  beam  and 
well  into  the  slab. 

Where  adequate  bond  and  shearing  resistance  between  slab  and 
web  of  beam  is  provided,  the  slab  may  be  considered  as  an  integral 
part  of  the  beam,  but  its  effective  width  shall  be  determined  by 
the  following  rules: 

(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the 
beam; 

(b)  Its  overhanging  width  on  either  side  of  the  web  shall  not 
exceed  four  times  the  thickness  of  the  slab. 

In  the  design  of  T-beams  acting  as  continuous  beams,  due 
consideration  should  be  given  to  the  compressive  stresses  at  the 
support. 

Beams  in  which  the  tee  form  is  used  only  for  the  purpose  of 
providing  additional  compression  area  of  concrete  should  prefer- 
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ably  have  a  width  of  flange  not  more  than  three  times  the  width  of 
the  stem  and  a  thickness  of  flange  not  less  than  one-third  of 
the  depth  of  the  beam.  Both  in  this  form  and  in  the  beam  and 
slab  form,  the  web  stresses  and  the  Umitations  in  placing  and 
spacing  the  longitudinal  reinforcement  will  probably  be  control- 
ing  factors  in  design. 

5.  Floor  Slabs 

Floor  slabs  should  be  designed  and  reinforced  as  continuous 
over  the  supports.  If  the  length  of  the  slab  exceeds  one  and  five- 
tenth  times  its  width,  the  entire  load  should  be  carried  by  trans- 
verse reinforcement.  Square  slabs  may  well  be  reinforced  in  both 
directions.^ 

The  continuous  flat  slab  with  multiple-way  reinforcement  is-a 
type  of  construction  used  quite  extensively,  and  has  recognized 
advantages  for  special  conditions,  as  in  the  case  of  warehouses 
with  large,  open,  floor  space.  At  present,  a  considerable  difference 
of  opinion  exists  among  engineers  as  to  the  formulas  and  constants 
which  should  be  used,  but  experience  and  tests  are  accimiulating 

^  The  exact  distribution  of  load  on  square  and  rectangular  slabs,  supported 
on  four  sides  and  reinforced  in  both  directions,  cannot  readily  be  determined. 
The  following  method  of  calculation  is  recognized  as  faulty,  but  it  is  offered 
as  a  tentative  method  which  will  give  results  on  the  safe  side.  The  dis- 
tribution of  load  is  first  to  be  determined  by  the  formula: 

in  which  r= proportion  of  load  carried  by  the  transverse  reinforcement, 
2"=  length,  and  6= breadth  of  slab.  For  various  ratios  of  t  the  values  of  r 
are  as  follows: 

I 

1.0  0.50 

1.1  0.69 

1.2  0.67 

1.3  0.75 

1.4  0.80 

1.5  0.83 

Using  the  values  above  specified,  each  set  of  reinforcement  is  to  be  calculated 
in  the  same  manner  as  slabs  having  supports  on  two  sides  only,  but  the  total 
amount  of  reinforcement  thus  determined  may  be  reduced  25  per  cent., 
by  gradually  increasing  the  rod  spacing  from  the  third  point  to  the  edge  of 
the  slab. 
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data  which  it  is  hoped  will  in  the  near  future  permit  the  formu- 
lation of  the  principles  of  design  for  this  form  of  construction. 

The  loads  carried  to  beams  by  slabs  which  are  reinforced  in 
two  directions  will  not  be  imiformly  distributed  to  the  supporting 
beam,  and  its  distribution  will  depend  on  the  relative  stiffness 
of  the  slab  and  the  supporting  beam.  The  distribution  under 
ordinary  conditions  of  construction  may  be  expected  to  be  that  in 
which  the  load  on  the  beam  varies  in  accordance  with  the  ordi- 
nates  of  a  parabola  having  its  vertex  at  the  middle  of  the  span. 
For  any  given  design,  the  probable  distribution  should  be  ascer- 
tained, and  the  moments  m  the  beam  calculated  accordingly. 

6.  Continuous  Beams  and  Slabs 

When  the  beam  or  slab  is  continuous  over  its  supports,  rein- 
forcement should  be  fully  provided  at  points  of  negative  moment, 
and  the  stresses  in  concrete  recommended  in  Section  G,  should 
not  be  exceeded.  In  computing  the  positive  and  negative  mo- 
ments in  beams  and  slabs  continuous  over  several  supports,  due  to 
uniformly  distributed  loads,  the  following  rules  are  recommended: 

(a)  That  for  floor  slabs,  the  bending  moments  at  center  and 

at  support  be  taken  at  j^  for  both  dead  and  live  loads, 

where  w  represents  the  load  per  linear  foot  and  I  the 
the  span  length. 

(b)  That  for  beams,  the  bending  moment  at  center  and  at 

wP 
support  for  interior  spans  be  taken  at  .«  .  ^^^  ^^^  end 

wP 
spans  it  be  taken  at  ^^  for  center  and  adjoining  support, 

for  both  dead  and  live  loads. 

(c)  In  the  case  of  beams  and  slabs  continuous  for  two  spans 
only,  the  bending  moment  at  the  central  support  should 

be  taken  at    q-  and  near  the  middle  of  the  span  at  .^  • 

(d)  At  the  ends  of  continuous  beams,  the  amoimt  of  negative 
moment  which  will  be  developed  will  depend  on  the  con- 
dition of  restraint  or  fixedness,  and  this  will  depend  on 
the  form  of  construction  used.  There  will  usually  be 
some  restraint,  and  there  is  likely  to  be  considerable. 
Provision  should  be  made  for  the  negative  bending  mo- 
ment, but,  as  its  amount  will  depend  on  the  form  of  con- 
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struction,  the  coefficient  cannot  be  specified  here,  and 
must  be  left  to  the  judgment  of  the  designer. 

For  spans  of  unusual  length,  more  exact  calculations  should  be 
made.  Special  consideration  is  also  required  in  the  case  of  con- 
centrated loads. 

Even  if  the  center  of  the  span  is  designed  for  a  greater  bending 
moment  than  is  called  for  by  a  or  6,  the  negative  moment  at  the 
support  should  not  be  taken  as  less  than  the  values  there  given. 

Where  beams  are  reinforced  on  the  compression  side,  the  st^el 
may  be  assumed  to  carry  its  proportion  of  stress,  in  accordance 
with  the  provisions  of  Section  F,  Part  3,  c-6.  In  the  case  of 
cantilever  and  continuous  beams,  tensile  and  compressive 
reinforcement  over  supports  must  extend  sufficiently  beyond  the 
support  and  beyond  the  point  of  inflection  to  develop  the  requisite 
bond  strength. 

7.  Bond  Strength,  and  Spacing  of  Reinforcement 

Adequate  bond  strength  should  be  provided.  The  formula 
hereinafter  given  for  bond  stresses  in  beams  is  for  straight  longi- 
tudinal bars.  In  beams  in  which  a  portion  of  the  reinforcement  is 
bent  up  near  the  end,  the  bond  stress  at  places  in  both  the  straight 
bars  and  the  bent  bars  will  be  considerably  greater  than  for  all  the 
bars  straight,  and  the  stress  at  some  point  may  be  several  times  as 
much  as  that  found  by  considering  the  stress  to  be  uniformly 
distributed  along  the  bar.  In  restrained  and  cantilever  beams, 
full  tensile  stress  exists  in  the  reinforcing  bars  at  the  point  of 
support,  and  the  bars  must  be  anchored  in  the  support  sufficiently 
to  develop  this  stress. 

In  case  of  anchorage  of  bars,  an  additional  length  of  bar  must 
be  provided  beyond  that  found  on  the  assumption  of  uniform 
bond  stress,  for  the  reason  that,  before  the  bond  resistance  at 
the  end  of  the  bar  can  be  developed,  the  bar  may  have  begun  to 
slip  at  another  point,  and  *' running"  resistance  is  less  than  the 
resistance  before  slip  begins. 

Where  high  bond  resistance  is  required,  the  deformed  bar  is 
a  suitable  means  of  supplying  the  necessary  strength;  but  it 
should  be  recognized  that,  even  with  a  deformed  bar,  initial  slip 
occurs  at  early  loads,  and  that  the  ultimate  loads  obtained  in  the 
usual  tests  for  bond  resistance  may  be  misleading.  Adequate 
bond  strength  throughout  the  length  of  a  bar  is  preferable  to  end 
anchorage,  but,  as  an  additional  safeguard  such  anchorage  may 
properly  be  used  in  special  cases.     Anchorage  furnished  by  short 
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bends  at  a  right  angle  is  less  eflfective  than  hooks  consisting  of 
turns  through  180  degrees. 

The  lateral  spacing  of  parallel  bars  should  not  be  less  than  three 
diameters,  from  center  to  center,  nor  should  the  distance  from  the 
side  of  the  beam  to  the  center  of  the  nearest  bar  be  less  than  two 
diameters.  The  clear  spacing  between  two  layers  of  bars  should 
not  be  less  than  1  in.  The  use  of  more  than  two  layers  is  to  be 
discouraged,  unless  the  layers  are  tied  together  by  adequate 
metal  connections,  particularly  at  and  near  points  where  bars 
are  bent  up  or  bent  down. 

8.  Diagonal  Tension  and  Shear 

When  a  reinforced  concrete  beam  is  subjected  to  flexural  action, 
diagonal  tensile  stresses  are  set  up.  If,  in  a  beam  not  having 
web  reinforcement,  these  stresses  exceed  the  tensile  strength  of 
the  concrete,  failure  of  the  beam  will  ensue.  When  web  reinforce- 
ment, made  up  of  stirrups,  or  of  diagonal  bars  secured  to  the  longi- 
tudinal reinforcement,  or  of  longitudinal  reinforcing  bars  bent 
up  at  several  points,  is  used,  new  conditions  prevail;  but  even  in 
this  case,  at  the  beginning  of  loading,  the  diagonal  tension  de- 
veloped is  taken  principally  by  the  concrete,  the  deformations 
which  are  developed  in  the  concrete  permitting  but  little  stress 
to  be  taken  by  the  web  reinforcement.  When  the  resistance  of 
the  concrete  to  the  diagonal  tension  is  overcome  at  any  point 
in  the  depth  of  the  beam,  greater  stress  is  at  once  set  up  in  the 
web  reinforcement. 

For  homogeneous  beams,  the  analytical  treatment  of  diagonal 
tension  is  not  very  complex — the  diagonal  tensile  stress  is  a  func- 
tion of  the  horizontal  and  vertical  shearing  stresses  and  of  the 
horizontal  tensile  stress  at  the  point  considered,  and  as  the  inten- 
sity of  these  three  stresses  varies  from  the  neutral  axis  to  the  re- 
motest fiber,  the  intensity  of  the  diagonal  tension  will  be  different 
at  different  points  in  the  section,  and  will  change  with  dif- 
ferent proportionate  dimensions  of  length  to  depth  of  beam. 
For  the  composite  structure  of  reinforced  concrete  beams, 
an  analysis  of  the  web  stresses,  and  particularly  of  the  diagonal 
tensile  stresses  is  very  complex;  and  when  the  variations  due  to 
a  change  from  no  horizontal  tensile  stress  in  the  concrete  at  the 
remotest  fiber  to  the  presence  of  horizontal  tensile  stress  at 
some  point  below  the  neutral  axis  are  considered,  the  problem 
becomes  more  complex  and  indefinite.     Under  these  circum- 
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stances,  in  designing,  recourse  is  had  to  the  use  of  the  cal- 
culated vertical  shearing  stress  as  a  means  of  comparing  or 
measuring  the  diagonal  tensile  stresses  developed,  it  being 
understood  that  the  vertical  shearing  stress  is  not  the  numer- 
ical equivalent  of  the  diagonal  tensile  stress,  and  even  that 
there  is  not  a  constant  ratio  between  them.  It  is  here  recom- 
mended that  the  maximum  vertical  shearing  stress  in  a  section  be 
used  as  the  means  of  comparison  of  the  resistance  to  diagonal 
tensile  stress  developed  in  the  concrete  in  beams  not  having  web 
reinforcement. 

Even  after  the  concrete  has  reached  its  limit  of  resistance  to 
diagonal  tension,  if  the  beam  has  web  reinforcement,  conditions 
of  beam  action  will  continue  to  prevail,  at  least  through  the  com- 
pression area,  and  the  web  reinforcement  will  be  called  on  to 
resist  only  a  part  of  the  web  stresses.  From  experiments  with 
beams,  it  is  concluded  that  it  is  safe  practice  to  use  only  two- 
thirds  of  the  external  vertical  shear  in  making  calculations  of  the 
stresses  that  come  on  stirrups,  diagonal  web  pieces,  and  bent-up 
bars,  and  it  is  here  recommended  for  calculations  in  designing 
that  two-thirds  of  the  external  vertical  shear  be  taken  as  pro- 
ducing stresses  in  web  reinforcement. 

Experiments  bearing  on  the  design  of  details  of  web  reinforce- 
ment are  not  yet  complete  enough  to  allow  more  than  general  and 
tentative  recommendations  to  be  made.  It  is  well  established, 
however,  that  vertical  members  attached  to  or  looped  about  hori- 
zontal members,  incUned  members  secured  to  horizontal  members 
in  such  a  way  as  to  insure  against  slip,  and  the  bending  of  a  part 
of  the  longitudinal  reinforcement  at  an  angle,  will  increase  the 
strength  of  a  beam  against  failure  by  diagonal  tension,  and  that 
a  well-designed  and  well-distributed  web  reinforcement  may, 
under  the  best  conditions,  increase  the  total  vertical  shear  carried 
to  a  value  as  much  as  three  times  that  obtained  when  the  bars  are 
all  horizontal  and  no  web  reinforcement  is  used.  Where  vertical 
stirrups  are  used  without  being  secured  to  the  longitudinal 
reinforcement,  the  force  transmitted  between  longitudinal  bar  and 
stirrup -must  not  be  greater  than  can  be  taken  through  the  con- 
crete, and  care  must  be  taken  to  provide  for  the  larger  bond  stress 
developed  in  the  longitudinal  bars  with  this  construction  than 
exists  in  the  absence  of  stirrups.  Sufficient  bond  resistance 
between  the  concrete  and  the  stirrups  or  diagonals  must  be  pro- 
vided.    Where  the  longitudinal  bars  are  bent  up,  the  points  of 


APPENDIX  641 

bending  of  the  several  bars  should  be  distributed  along  a  portion  of 
the  length  of  the  beam  in  such  a  way  as  to  give  efficient  web 
reinforcement  over  the  portion  of  the  length  of  the  beam  in  which 
it  is  needed.  The  higher  resistance  to  diagonal  tension  failures 
given  by  unit  frames  having  the  stirrups  and  bent-up  bars  securely 
connected  together  both  longitudinally  and  laterally  is  worthy  of 
recognition.  It  is  necessary  that  a  limit  be  placed  on  the  amoimt 
of  shear  which  may  be  allowed  in  a  beam;  for  when  web  rein- 
forcement sufficiently  efficient  to  give  very  high  web  resistance  is 
used,  at  the  higher  stresses  the  concrete  in  the  beam  becomes 
checked  and  cracked  in  such  a  way  as  to  endanger  its  durabiUty 
as  well  as  its  strength. 

The  section  to  be  taken  as  the  critical  section  in  the  calculation 
of  shearing  stresses  will  generally  be  the  one  having  themaximimi 
vertical  shear,  though  experiments  show  that  the  section  at  which 
diagonal  tension  failures  occur  is  not  just  at  a  support,  even 
though  the  shear  at  the  latter  point  be  much  greater. 

The  longitudinal  spacing  of  stirrups  or  diagonal  members,  or 
the  distribution  of  the  points  of  bending  of  adjacent  bent-up 
bars,  should  not  exceed  three-fourths  the  depth  of  the  beam. 

It  is  important  that  adequate  bond  strength  or  anchorage  be 
provided  to  develop  fully  the  assumed  strength  of  all  web 
reinforcement. 

It  should  be  noted  that  it  is  on  the  tension  side  of  a  beam  that 
diagonal  tension  develops  in  a  critical  way,  and  that  the  proper 
connection  must  always  be  made  between  stirrups  or  other  web 
reinforcement  and  the  longitudinal  tension  reinforcement, 
whether  the  latter  is  on  the  lower  side  of  the  beam  or  on  its  upper 
side.  Where  negative  moment  exists,  as  is  the  case  near  the 
supports  in  a  continuous  beam,  web  reinforcement,  to  be  effective, 
must  be  looped  over,  or  wrapped  around,  or  be  connected  with, 
the  longitudinal  tension  reinforcing  bars  at  the  top  of  the  beam,  in 
the  same  way  as  is  necessary  at  the  bottom  of  the  beam  at  sections 
where  the  bending  moment  is  positive  and  the  tension  reinforcing 
bars  are  at  the  bottom  of  the  beam. 

Inasmuch  as  the  smaller  the  longitudinal  deformations  in  the 
horizontal  reinforcement  are,  the  less  the  tendency  for  the  forma- 
tion of  diagonal  cracks,  a  beam  will  be  strengthened  against 
diagonal  tension  failure  by  arranging  and  proportioning  the  hori- 
zontal reinforcement  so  that  the  unit  stresses  at  points  of  large 
shear  shall  be  relatively  low. 
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Where  pure  shearing  stress  occurs,  or  shearing  stress  combined 
with  but  a  small  amount  of  tensile  stress  in  the  concrete,  as  when 
a  concentrated  loaH  rests  on  a  slab,  or  other  forms  of  pimching 
shear  are  produced,  or  in  the  case  of  compression  pieces,  the  ele- 
ment of  tension  will  not  need  consideration,  and  the  pennissible 
limit  of  the  shearing  stress  will  be  higher  than  the  allowable 
limit  when  this  stress  is  used  as  a  means  of  comparing  diagonal 
tensile  stress.  The  working  values  recommended  are  given  in 
Section  G,  Working  Stresses. 

9.  Columns 

By  columns  are  meant  compression  members  of  which  the  ratio 
of  imsupported  length  to  least  width  exceeds  about  six,  and  which 
are  provided  with  reinforcement  of  one  of  the  forms  hereafter 
described. 

It  is  recommended  that  the  ratio  of  imsupported  length  of 
column  to  its  least  width  be  Umited  to  15. 

The  effective  area  of  the  column  shall  be  taken  as  the  area 
within  the  protective  covering,  as  defined  in  Section  E,  Part  3; 
or,  in  the  case  of  hooped  columns  or  columns  reinforced  with 
structural  shapes,  it  shall  be  taken  as  the  area  within  the  hooping 
or  structural  shapes. 

Columns  may  be  reinforced  by  longitudinal  bars,  by  bands, 
hoops,  or  spirals,  together  with  longitudinal  bars,  or  by  structiu^al 
forms  which  in  themselves  are  sufficiently  rigid  to  act  as  columns. 
The  general  effect  of  closely  spaced  hooping  is  greatly  to  increase 
the  "toughness"  of  the  column  and  its  ultimate  strength,  but 
hooping  has  little  effect  on  its  behavior  within  the  limit  of  elas- 
ticity. It  thus  renders  the  concrete  a  safer  and  more  reliable 
material,  and  should  permit  the  use  of  a  somewhat  higher  working 
stress.  The  beneficial  effects  of  "toughening"  are  adequately 
provided  by  a  moderate  amoimt  of  hooping,  a  larger  amount  serv- 
ing mainly  to  increase  the  ultimate  strength  and  the  possible 
deformation  before  ultimate  failure. 

Composite  colmnns  of  structural  steel  and  concrete  in  which 
the  steel  forms  a  column  by  itself,  should  be  designed  with  cau- 
tion. To  classify  this  type  as  a  concrete  column  reinforced  with 
structural  steel  is  hardly  permissible,  as  the  steel  will  generally 
take  the  greater  part  of  the  load.  When  this  type  of  column  k 
used,  the  concrete  should  not  be  relied  on  to  tie  the  steel 
units  together  or  to  transmit  stresses  from  one  unit  to  another. 
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The  units  should  be  adequately  tied  together  by  tie-plates  or 
lattice  bars,  which,  together  with  other  details,  such  as  splices, 
etc.,  should  be  designed  in  conformity  with  standard  practice 
for  structural  steel.  The  concrete  may  exert  a  beneficial  effect 
in  restraining  the  steel  from  lateral  deflection,  and  also  in  increas- 
ing the  carrying  capacity  of  the  column.  The  proportion  of 
load  to  be  carried  by  the  concrete  will  depend  on  the  form  of  the 
column  and  the  method  of  construction.  Generally,  for  high 
percentages  of  steel,  the  concrete  will  develop  relatively  low  unit 
stresses,  and  caution  should  be  used  in  placing  dependence  on  the 
concrete. 

The  following  recommendations  are  made  for  the  relative  work- 
ing stresses  in  the  concrete  for  the  several  types  of  columns: 

(a)  Columns  with  longitudinal  reinforcement  only,  to  the 
extent  of  not  less  than  1  per  cent  and  not  more  than 
4  per  cent:  the  unit  stress  recommended  for  axial 
compression  in  Section  G,  Part  3. 

(b)  Columns  with  reinforcement  of  bands,  hoops,  or 
spirals,  as  hereinafter  specified:  stresses  20  per  cent 
higher  than  given  for  a,  provided  the  ratio  of  the 
unsupported  length  of  the  column  to  the  diameter  of 
the  hooped  core  is  not  more  than  8. 

(c)  Golunms  reinforced  with  not  less  than  1  per  cent  and 
not  more  than  4  per  cent  of  longitudinal  bars,  and 
with  bands,  hoops,  or  spirals,  as  hereinafter  specified: 
stresses  45  per  cent  higher  than  given  for  a,  provided 
the  ratio  of  the  unsupported  length  of  the  column  to 
the  diameter  of  the  hooped  core  is  not  more  than  8. 

The  foregoing  recommendations  are  based  on  the  following 
conditions: 

In  all  cases,  longitudinal  reinforcement  is  assumed  to  carry  its 
proportion  of  stress,  in  accordance  with  Part  3.  The  hoops  or 
bands  are  not  to  be  counted  on  directly  as  adding  to  the  strength 
of  the  column. 

Bars  composing  longitudinal  reinforcement  shall  be  straight, 
and  shall  have  sufficient  lateral  support  to  be  securely  held  in 
place  until  the  concrete  has  set. 

Where  hooping  is  used,  the  total  amount  of  such  reinforcement 
shall  be  not  less  than  1  per  cent  of  the  volume  of  the  column  en- 
closed. The  clear  spacing  of  such  hooping  shall  be  not  greater 
than  one-sixth  of  the  diameter  of  the  enclosed  column,  and  pref- 
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erably  not  greater  than  one-tenth,  and  in  no  case  more  than 
2i  in.  Hooping  is  to  be  circular,  and  the  ends  of  bands  must  be 
united  in  such  a  way  as  to  develop  their  full  strength.  Adequate 
means  must  be  provided  to  hold  bands  or  hoops  in  place  so  as 
to  form  a  coliunn,  the  core  of  which  shall  be  straight  and  well 
centered.  The  strength  of  hooped  columns  depends  very  much 
on  the  ratio  of  length  to  diameter  of  hooped  core,  and  the  strength 
due  to  hooping  decreases  rapidly  as  this  ratio  increases  beyond 
five.  The  working  stresses  recommended  are  for  hooped  columns 
with  a  length  of  not  more  than  eight  diameters  of  the  hooped 
core. 

Bending  stresses  due  to  eccentric  loads  and  lateral  forces  must 
be  provided  for  by  increasing  the  section  until  the  maximiun 
stress  does  not  exceed  the  values  above  specified;  and,  where 
tension  is  possible  in  the  longitudinal  bars,  adequate  connection 
between  the  ends  of  the  bars  must  be  provided  to  take  this 
tension. 

10.  Reinforcing  for  Shrinkage  and  Temperature  Stresses 

When  areas  of  concrete  too  large  to  expand  and  contract 
freely  as  a  whole  are  exposed  to  atmospheric  conditions,  the 
changes  of  form  due  to  shrinkage  (resulting  from  hardening)  and 
to  action  of  temperature  are  such  that  cracks  may  occur  in  the 
mass,  imless  precautions  are  taken  to  distribute  the  stresses  so 
as  to  prevent  the  cracks  altogether,  or  to  render  them  very  small. 
The  distance  apart  of  the  cracks,  and  consequently  their  size, 
will  be  directly  proportional  to  the  diameter  of  the  reinforcement 
and  to  the  tensile  strength  of  the  concrete,  and  inversely  propor- 
tional to  the  percentage  of  reinforcement  and  also  to  its  bond 
resistance  per  imit  of  surface  area.  To  be  most  effective,  there- 
fore, reinforcement  (in  amount  generally  not  less  than  one-third 
of  1  per  cent)  of  a  form  which  will  develop  a  high  bond  resistance 
should  be  placed  near  the  exposed  surface  and  be  well  distributed. 
The  allowable  size  and  spacing  of  cracks  depends  on  various  con- 
siderations, such  as  the  necessity  for  water-tightness,  the  im- 
portance of  appearance  of  the  surface,  and  the  atmospheric 
changes. 

G.  Working  Stresses 
1.  General  Assumptions 
The  following  working  stresses  are  recommended  for  static 
loads.     Proper  allowances  for  vibration  and  impact  are  to  be 
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added  to  live  loads  where  necessary  to  produce  an  equivalent 
static  load  before  applying  the  unit  stresses  in  proportioning 
parts. 

In  selecting  the  permissible  working  stress  to  be  allowed  on 
concrete,  we  should  be  guided  by  the  working  stresses  usually 
allowed  for  other  materials  of  construction,  so  that  all  structures 
of  the  same  class  but  composed  of  different  materials  may  have 
approximately  the  same  degree  of  safety. 

The  following  recommendations  as  to  allowable  stresses  are 
given  in  the  form  of  percentages  of  the  ultimate  strength  of  the 
particular  concrete  which  is  to  be  used;  this  ultimate  strength 
is  to  be  that  developed  in  cylinders  8  in.  in  diameter  and  16  in. 
long  of  the  consistency  described  in  Section  C,  Part  2  (a),  made 
and  stored  imder  laboratory  conditions,  at  an  age  of  28  da3rs. 
In  the  absence  of  definite  knowledge,  in  advance  of  construction, 
as  to  just  what  strength  may  be  expected,  the  Committee 
submits  the  following  values  as  those  which  should  be  obtained 
with  materials  and  workmanship  in  accordance  with  the  recom- 
mendations of  this  report. 

Although  occasional  tests  may  show  higher  results  than  those 
here  given,  the  Committee  recommends  that  these  values  should 
be  the  maximum  used  in  design. 


TABLE  OF  STRENGTHS  OF  DIFFERENT  MIXTURES  OF 
CONCRETE 


(In  pounds  per  square  inch) 
Aggregate 


1  :  1  :  2  1  :  li  :  3  1  :  2  :  4  1  :  2}  :  51  1  :  3  :  6 


Granite,  trap  rock |  3300  |     2800  2200  1800  >     1400 

Gravel,  hard  limestone  and  hard  sandstone  3000  2500  i     2000  |     1600  ,     1300 

Soft  limestone  and  hard  sandstone '  2200  '     1800  1500  1200  1000 

Cinders 800  700  600  500  400 


Note. — For  variations  in  the  moduli  of  olastioi^  see  Section  G,  Part  8. 

2.  Bearing 

When  compression  is  applied  to  a  surface  of  concrete  of  at 
least  twice  the  loaded  area,  a  stress  of  32.5  per  cent  of  the 
compressive  strength  may  be  allowed. 
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3.  Axial  Compression 

For  concentric  compression  on  a  plain  concrete  colimrn  or 
pier,  the  length  of  which  does  not  exceed  12  diameters,  22.5 
per  cent  of  the  compressive  strength  may  be  allowed. 

For  other  forms  of  colunms  the  stresses  obtained  from  the 
ratios  given  in  Section  F,  Part  9,  may  govern. 

4.  Compression  in  Extreme  Fiber 

The  extreme  fiber  stress  of  a  beam,  calculated  on  the  assump- 
tion of  a  constant  modulus  of  elasticity  for  concrete  under  work- 
ing stresses,  may  be  allowed  to  reach  32.5  per  cent  of  the  com- 
pressive strength.  Adjacent  to  the  support  of  continuous 
beams  stresses  15  per  cent  higher  may  be  used. 

5.  Shear  and  Diagonal  Tension 

In  calculations  on  beams  in  which  the  maximum  shearing  stress 
in  a  section  is  used  as  the  means  of  measuring  the  resistance  to 
diagonal  tension  stress,  the  following  allowable  values  for  the 
maximum  vertical  shearing  stress  are  recommended: 

(a)  For  beams  with  horizontal  bars  only  and  without  web 
reinforcement  calculated  by  the  method  given  in  Section  I, 
Formula  (22) :  2  per  cent  of  the  compressive  strength. 

(b)  For  beams  thoroughly  reinforced  with  web  reinforcement : 
the  value  of  the  shearing  stress  calculated  as  for  a  (that  is, 
using  the  total  external  vertical  shear  in  Formula  (22)  for 
shearing  unit  stress),  must  not  exceed  6  per  cent  of  the  com- 
pressive strength.  The  web  reinforcement,  exclusive  of  bent- 
up  bars,  in  this  case,  shall  be  proportioned  to  resist  two-thirds 
of  the  external  vertical  shear  in  the  formulas  given  in  Section  I, 
Formulas  (24)  or  (25). 

(c)  For  beams  in  which  part  of  the  longitudinal  reinforce- 
ment is  used  in  the  form  of  bent-up  bars  distributed  over  a  por- 
tion of  the  beam  in  a  way  covering  the  requirements  for  this 
type  of  web  reinforcement:  the  limit  of  maximum  vertical  shear- 
ing stress  (the  stress  calculated  as  for  a),  3  per  cent  of  the 
compressive  strength. 

(d)  Where  pimching  shear  occurs,  that  is,  shearing  stress 
uncombined  with  compression  normal  to  the  shearing  surface, 
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and  with  all  tension  nonnal  to  the  shearing  plane  provided  for 
by  reinforcement:  a  shearing  stress  of  6  per  cent  of  the  com- 
pressive strength  may  be  allowed. 

6.  Bond 

The  bond  stress  between  concrete  and  plain  reinforcing  bars 
may  be  assumed  at  4  per  cent  of  the  compressive  strength,  or 
2  per  cent  in  the  case  of  drawn  wire. 

7.  Reinforcement 

The  tensile  or  compressive  strength  in  steel  should  not  exceed 
16,000  lb.  per  square  inch. 

In  structural  steel  members,  the  working  stresses  adopted  by 
the  American  Railway  Elngineering  Association  are  recom- 
mended. 

8.  Modulus  of  Elasticity 

The  value  of  the  modulus  of  elasticity  of  concrete  has  a  wide 
range,  depending  on  the  materials  used,  the  age,  the  range  of 
stresses  between  which  it  is  considered,  as  well  as  other  conditions. 
It  is  recommended  that  in  computations  for  the  position  of  the 
neutral  axis  and  for  the  resisting  moment  of  beams  and  for  the 
compression  of  concrete  in  columns  it  be  istssumed  as: 

(a)  One-fifteenth  of  that  of  steel,  when  the  strength  of 
the  concrete  is  taken  as  2200  lb.  per  square  inch  or 
less. 

(b)  One-twelfth  of  that  of  steel,  when  the  strength  of  the 
concrete  is  taken  as  greater  than  2200  lb.  per  square 
inch,  or  less  than  2900  lb.  per  square  inch,  and 

(c)  One-tenth  of  that  of  steel,  when  the  strength  of  the 
concrete  is  taken  as  greater  than  2900  lb.  per  square 
inch. 

Although  not  rigorously  accurate,  these  assumptions  will 
give  safe  results.  For  the  deflection  of  beams  which  are  free  to 
move  longitudinally  at  the  supports,  in  using  formulas  for 
deflection  which  do  not  take  into  account  the  tensile  strength 
developed  in  the  concrete,  a  modulus  one-eighth  of  that  of  steel  is 
recommended. 

50 
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H.  STANDARD  SPECIFICATIONS 

(a)  Cement^ 

GENERAL   OBSERVATIONS 

1.  These  remarks  have  been  prepared  with  a  view  of  pointing 
out  the  pertinent  features  of  the  various  requirements  and  the 
precautions  to  be  observed  in  the  interpretation  of  the  results  of 
the  tests. 

2.  The  Committee  would  suggest  that  the  acceptance  or 
rejection  imder  these  specifications  be  based  on  tests  made  by  an 
experienced  person  having  the  proper  means  for  making  the 
tests. 

SPECIFIC   GRAVITY 

3.  Specific  gravity  is  useful  in  detecting  adulteration.  The 
results  of  tests  of  specific  gravity  are  not  necessarily  conclusive 
as  an  indication  of  thei  quality  of  a  cement,  but  when  in  combina- 
tion with  the  results  of  other  tests  may  afiford  valuable  indica- 
tions. 

FINENESS 

4.  The  sieves  should  be  kept  thoroughly  dry. 

TIME   OF  SETTING 

5.  Great  care  should  be  exercised  to  maintain  the  test  pieces 
under  as  uniform  conditions  as  possible.  A  sudden  change  or 
wide  range  of  temperature  in  the  room  in  which  the  tests  are 
made,  a  very  dry  or  humid  atmosphere,  and  other  irregularities, 
vitally  affect  the  rate  of  setting. 

CONSTANCY   OF  VOLUME 

6.  The  test  for  constancy  of  volume  are  divided  into  two  classes, 
the  first  normal,  the  second  accelerated.  The  latter  should  be 
regarded  as  a  precautionary  test  only,  and  not  infallible.  So 
many  conditions  enter  into  the  making  and  interpreting  of  it 
that  it  should  be  used  with  extreme  care. 

*  Adopted  August  16, 1909,  by  the  American  Society  for  Testing  Materials, 
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7.  In  making  the  pats,  the  greatest  care  should  be  exercised 
to  avoid  initial  strains  due  to  moldiilg  or  to  too  rapid  drying- 
out  during  the  first  24  hours.  The  pats  should  be  preserved 
imder  the  most  uniform  conditions  possible,  and  rapid  changes 
of  temperature  should  be  avoided. 

8.  The  failure  to  meet  the  requirements  of  the  accelerated 
tests  need  not  be  sufficient  cause  for  rejection.  The  cement, 
however,  may  be  held  for  28  days,  and  a  retest  made  at  the  end 
of  that  period,  using  a  new  sample.  Failure  to  meet  the  require- 
ments at  this  time  should  be  considered  sufficient  cause  for  re- 
jection, although  in  the  present  state  of  our  knowledge  it  cannot  be 
said  that  such  failure  necessarily  indicates  unsoundness,  nor  can 
the  cement  be  considered  entirely  satisfactory  simply  because 
it  passes  the  tests. 

General  Conditions 

1.  All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  manu- 
facture or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the 
cement  should  be  stored  in  a  suitable  weather-tight  building 
having  the  floor  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit 
easy  access  for  proper  inspection  and  identification  of  each  ship- 
ment. 

5.  Every  facility  shall  be  provided  by  the  contractor,  and  a 
period  of  at  least  12  days  allowed  for  the  inspection  and  necessary 
tests. 

6.  Cement  shall  be  delivered  in  suitable  packages,  with  the 
brand  and  name  of  manufacturer  plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  lb.  of  cement  net.  Each 
barrel  of  Portland  cement  shall  contain  4  bags,  and  each  barrel 
of  natural  cement  shall  contain  3  bags  of  the  above  net  weight. 

8.  Cement  failing  to  meet  the  7-day  requirements  may  be 
held  awaiting  the  results  of  the  28-day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  pro- 
posed by  the  Special  Committee  on  Uniform  Tests  of  Cement  of 
the  American  Society  of  Civil  Engineers,  presented  to  the  Society 
on  January  17,  1912,  with  all  subsequent  amendments  thereto. 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following 
requirements: 
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Natural  Cement 

11.  Definition, — This  term  shall  be  applied  to  the  finely  piil- 
verized  product  resulting  from  the  calcination  of  an  argillaceous 
limestone  at  a  temperature  only  sufficient  to  drive  off  the  car- 
bonic acid  gas. 

FINENESS 

12.  It  shall  leave  by  weight  a  residue  of  not  more  than  10  per 
cent  on  the  No.  100,  and  30  per  cent  on  the  No.  200  sieve. 

TIMK    OP   SETTING 

13.  It  shall  not  develop  initial  set  in  less  than  10  minutes,  and 
shall  not  develop  hard  set  in  less  than  30  minutes,  or  more  than 
3  hours. 

TENSILE  STRENGTH 

14.  The  minimum  requirements  for  tensile  strength  for  bri- 
quettes 1  sq.  in.  in  cross-section  shall  be  as  follows,  and  the 
cement  shall  show  no  retrogression  in  strength  within  the  periods 
specified: 

Age.  Neat  Cement,  Strength. 

24  hours  in  moist  air 75  lb. 

7  days  (1  day  in  moist  air,  6  days  in  water) 150  lb. 

28  days  (1  day  in  moist  air,  27  days  in  water) 250  lb. 

One  Pari  Cement^  Three  Parts  Standard  Ottawa  Sand 

7  days  (1  day  in  moist  air,  6  days  in  water) 50  lb. 

28  days  (1  day  in  moist  air,  27  days  in  water) 125  lb. 

CONSTANCY   OF  VOLUME 

15.  Pats  of  neat  cement  about  3  in.  in  diameter,  i  in.  thick  at 
the  center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for 
a  period  of  24  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 

(b)  Another  is  kept  in  water  maintained  as  near  70®  F.  as 
practicable. 

16.  These  pats  are  observed  at  intervals  for  at  least  28  days, 
and,  to  pass  the  tests  satisfactorily,  should  remain  firm  and  hard 
and  show  no  signs  of  distortion,  checking,  cracking,  or  disin- 
tegrating. 
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Portland  Cement 

17.  Definition. — This  term  is  applied  to  the  finely  pulverized 
product  resulting  from  the  calcination  to  incipient  fusion  of  an 
intimate  mixture  of  properly  proportioned  argillaceous  and 
calcareous  materials,  and  to  which  no  addition  greater  than  3  per 
cent  has  been  made  subsequent  to  calcination. 

SPECIFIC   GRAVITY 

18.  The  specific  gravity  of  cement  shall  be  not  less  than  3.10. 
Should  the  test  of  cement  as  received  fall  below  this  requirement, 
a  second  test  may  be  made  on  a  sample  ignited  at  a  low  red  heat. 
The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per 
cent. 

FINENESS 

19.  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per 
cent  on  the  No.  100,  and  not  more  than  25  per  cent  on  the  No. 
200  sieve. 

TIME   OF  SETTING 

20.  It  shall  not  develop  initial  set  in  less  than  30  minutes; 
and  must  develop  hard  set  in  not  less  than  1  hour,  nor  more  than 
10  hours. 

TENSILE   STRENGTH 

21.  The  minimum  requirements  for  tensile  strength  for  bri- 
quettes 1  sq.  in.  in  cross-section  shall  be  as  follows,  and  the  cement 
shall  show  no  retrogression  in  strength  within  the  periods 
specified: 

Age.  Neat  Cement  Strength. 

24  hours  in  moist  air 175  lb. 

7  days  (1  day  in  moist  air,  6  days  in  water) 500  lb. 

28  days  (1  day  in  moist  air,  27  days  in  water) 600  lb. 

One  Part  Cement^  Three  Parts  Standard  Ottawa  Sand 

7  days  (1  day  in  moist  air,  6  days  in  water) 200  lb. 

28  days  (1  day  in  moist  air,  27  days  in  water) 275  lb. 

CONSTANCY   OP  VOLUME 

22.  Pats  of  neat  cement  about  3  in.  in  diameter,  i  in-  thick  at 
the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air 
for  a  period  of  24  hours. 


652      REINFORCED  CONCRETE  CONSTRUCTION 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  ob- 
served at  intervals  for  at  least  28  days. 

(6)  Another  pat  is  kept  in  water  maintained  as  near  70°  Fahr. 
as  practicable,  and  observed  at  intervals  for  at  least  28 
days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmos- 
phere of  steam,  above  boiling  water,  in  a  loosely  closed 
vessel  for  5  hours. 

23.  These  pats,  to  pass  the  requirements  satisfactorily,  shall 
remain  firm  and  hard,  and  show  no  signs  of  distortion,  checking, 
cracking,  or  disintegrating. 


SULPHURIC    ACID   AND    MAGNESIA 

24.  The  cement  shall  not  contain  more  than  1,75  per  cent  of 
anhydrous  sulphuric  acid  (SO3),  nor  more  than  4  per  cent  of 
magnesia  (MgO). 

(6)  Metal  Reinforcement^ 

6.  Steel  shall  be  made  by  the  open-hearth  process.  Re-rolled 
material  will  not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  struc- 
tural steel  only.  Bars  and  wire  may  be  of  structural  steel  or  high- 
carbon  steel. 

8.  The  chemical  and  physical  properties  shall  conform  to  the 
following  limits: 


Elements  considered 


I 


Structural  steel 


High-carbon  steel 


Phosphorus,  maximum  < 
Sulphur,  ma;[imum 


Basic. 
Acid. . 


0.04  per  cent 
0.06  per  cent 
0.05  per  cent 


0.04  per  oent 
0.06  per  cent 
0.05  per  oent 


Ultimate  tensile  strength 
Pounds,  per  square  inch 


Elong.  min.  percentage  in  8  in.,  Fig.  1 


Character  of  fracture 

Cold  bends  without  fracture. 


Desired 
60,000 

1,500,000  « 

Ult.  tensile  strength 

Silky 
180*  flat » 


Desired 
88,000 

1,000.000 


Ult.  tensile  strength 

I  Silky  or  finely  granular. 
180«'d«4M 


>  Adopted  March  16,  1910,  by  the  American  Railway  Engineering  Association. 
«See  Paragraph  15     'See  Paragraphs  16  and  17.     «  "d-4r*  signifies  "around  a  pin 
having  a  diameter  four  times  the  thickness  of  the  specimen." 
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9.  The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop 
of  the  beam,  shall  be  not  less  than  60  per  cent  of  the  ultimate 
tensile  strength. 

10.  If  the  ultimate  strength  varies  more  than  4000  lb.  for  struc- 
tural steel  or  6000  lb.  for  high-carbon  steel,  a  retest  shall  be  made 
on  the  same  gauge,  which,  to  be  acceptable,  shall  be  within  5000 
lb.  for  structm'al  steel,  or  8000  lb.  for  high-carbon  steel,  of  the 
desired  ultimate. 

11.  Chemical  determinations  of  the  percentages  of  carbon, 
phosphorus,  sulphur,  and  manganese  shall  be  made  by  the  manu- 
facturer from  a  test  ingot  taken  at  the  time  of  the  pouring  of 
each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be 
furnished  to  the  engineer  or  his  inspector.  Check  analyses 
shall  be  made  from  finished  material,  if  called  for,  in  which  case 
an  excess  of  25  per  cent  above  the  required  limits  will  be  allowed. 

12.  PlateSf  Shapes,  and  Bars, — Specimens  for  tensile  and  bend- 
ing tests  for  plates  and  shapes  shall  be  made  by  cutting,  from  the 


Yf'AJbou/3"> 


<—Paroll9l Section  n^hssthong^-^ 
1%5'Rodius 


.JL- 


— Aboutie'" 

Fig.  1. 


i 


finished  product,  coupons  which  shall  have  both  faces  rolled  and 
both  edges  milled  to  the  form  shown  by  Fig.  1;  or  with  both  edges 
parallel;  or  they  may  be  turned  to  a  diameter  of  f  in.  with  en- 
larged ends. 

13.  Bars  shall  be  tested  in  their  finished  form. 

14.  At  least  one  tensile  and  one  bending  test  shall  be  made 
from  each  melt  of  steel  as  rolled.  In  case  steel  diflfering  f  in. 
and  more  in  thickness  is  rolled  from  one  melt,  a  test  shall  be  made 
from  the  thickest  and  thinnest  material  rolled. 

15.  For  material  less  than  iV  in.  and  more  than  \  in.  in  thick- 
ness the  following  modifications  will  be  allowed  in  the  requirements 
for  elongation: 

(a)  For  each  iV  in.  in  thickness  below  VV  in.,  a  deduction  of  2J 
will  be  allowed  from  the  specified  percentage. 
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(b)  For  each  J  in.  in  thickness  above  |  in.,  a  deduction  of  1 
will  be  allowed  from  the  specified  percentage. 

16.  Bending  tests  may  be  made  by  pressure  or  by  blows. 
Shapes  and  bars  less  than  1  in.  thick  shall  bend  as  called  for  in 
Paragraph  8. 

17.  Test  specimens  1  in.  thick  and  greater  shall  bend  cold  180® 
around  a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice 
the  thickness  of  the  specimen,  and  for  high-carbon  steel,  is  six 
times  the  thickness  of  the  specimen,  without  fracture  en  the  out- 
side of  the  bend. 

18.  Finished  material  shall  be  free  from  injurious  seams,  flaws, 
cracks,  defective  edges,  or  other  defects,  and  have  a  smooth, 
uniform,  and  workmanlike  finish. 

19.  Every  finished  piece  of  steel  shall  have  the  melt  number 
and  the  name  of  the  manufacturer  stamped  or  rolled  on  it,  ex- 
cept that  bar  steel  and  other  small  parts  may  be  bundled,  with 
the  above  marks  on  an  attached  metal  tag. 

20.  Material  which,  subsequent  to  the  above  tests  at  the  mills, 
and  its  acceptance  there,  develops  weak  spots,  brittleness,  cracks, 
or  other  imperfections,  or  is  found  to  have  injurious  defects,  will 
be  rejected,  and  shall  be  replaced  by  the  manufacturer  at  his 
own  cost. 

21.  All  reinforcing  steel  shall  be  free  from  excessive  rust,  loose 
scale,  or  other  coatings  of  any  character  which  would  reduce  or 
destroy  the  bond. 

I.  SUGGESTED  FORMULAS  FOR  REINFORCED    CON- 
CRETE CONSTRUCTION 

These  formulas  are  based  on  the  assumptions  and  principles, 
given  in  the  chapter  on  design. 

(a)  Standard  Notation 

1.  Rectangular  Beams, 

The  following  notation  is  recommended : 
/« =  tensile  unit  stress  in  steel. 
fc  =  compressive  unit  stress  in  concrete. 
Es  =  modulus  of  elasticity  of  steel. 
-Ec  =  modulus  of  elasticity  of  concrete. 
E. 
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Af  =  moment  of  resistance,  or  bending  moment  in  general. 
A  =  steel  area  (denoted  in  this  text  by  a«). 

6  =  breadth  of  beam. 

d  =  depth  of  beam  to  center  of  steel. 

Aj  =  ratio  of  depth  of  neutral  axis  to  effective  depth  d. 

«= depth  of  resultant  compression  below  top. 

y  =  ratio  of  lever  arm  of  resisting  couple  to  depth  d. 
jd=d— 2  =  arm  of  resisting  couple. 

p= steel  ratio  (not  percentage). 

2.  T'Beams. 

b  =  width  of  flange. 
6'  =  width  of  stem. 
<= thickness  of  flange. 

3.  Beams  Reinforced  for  Compression. 

A' =  Area,  of  compressive  steel  (denoted  in  this  text  by  a'»). 

p'  =  steel  ratio  for  compressive  steel. 

/'«  =  compressive  unit  stress  in  steel. 

C  =  total  compressive  stress  in  concrete. 

C  =  total  compressive  stress  in  steel. 

d'  =  depth  to  center  of  compressive  steel. 

z    =  depth  to  resultant  of  C  and  C. 

4.  Shear  and  Bond, 

V  =  total  shear. 

V  =  shearing  unit  stress. 

u    =  bond  stress  per  unit  area  of  bar. 
0    =  circxmif erence  or  perimeter  of  bar. 
i'o  =  sum  of  the  perimeters  of  all  bars. 

5.  Columns. 

A  =  total  net  area. 

Aa  =  area  of  longitudinal  steel. 

Ac= area  of  concrete. 

P   =  total  safe  load. 

(b)  Formulas. 
1 .     Rectangular  Beams. 
Position  of  neutral  axis, 

A:  =  V'2pn+(pn)2~pn  (1) 

Arm  of  resisting  couple, 

i=i-ifc  (2) 
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i^oT  f,  =  15,000  to  16,000,  and  /« = 600  to  650,  k  may  be  taken  at  f.) 

Fiber  stresses, 

M        M 


^•~Ajd~'pjbS- 


/c  = 


2M  _2pf, 
jkbcP'k 


'4 


1_ 
i/ 


Jn 


t-^* — -J 


p=i 


ir 


Fig.  2. 

Steel  ratio,  for  balanced  reinforcement, 

1 1_ 

2.  T-Beams. 

Case  L     When  the  neutral  axis  lies  in  the  flange. 

Use  the  formulas  for  rectangular  beams. 


(3) 
(4) 


(5) 


Case  II.     When  the  neutral  axis  lies  in  the  stem. 

The  following  formulas  neglect  the  compression  in  the  stem: 

Position  of  netural  axis, 

2ndA+bt^ 


kd  = 


'2nA+2bt 


(6) 
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Position  of  resultant  compression, 


«=^i£;i-;.5  (7) 


Arm  of  resisting  couple, 

"  jd^d-z  (8) 

Fiber  stresses. 


fc  = 


Mkd         _/.     k 
bt(kd-lt)jd~^'-^  <io) 


(For  approximate  results,  the  fonnulas  for  rectangular  beams 
may  be  used.) 

The  following  formulas  take  into  account  the  compression  in 
the  stem;  they  are  recommended  where  the  flange  is  small  com- 
pared with  the  stem: 

Position  of  neutral  axis, 


(11) 


(12) 


,^       l2ndA  +  (.b-b')t*     /nA  +  {b-b')t\* 

fcrf=V — 6'— +1 — v — ; 

nA+ib-b')t 
~  b' 

Position  of  resultant  compression, 

(kdt*-~t*)b+  [(kd-t)*{t+^(kd-t))]b' 
z=  ^^^^^__^_.-^_.__^^_       ._ 

Arm  of  re$^ting  couple, 

jd=d-z  (13) 

Fiber  stresses, 

2Mkd  .... 

•'*  ~  [(2kd-  t)bt+  {kd-  t)^b'\jd  ^  ^ 

3.  Beams  Reinforced  for  Compression. 
Position  of  neutral  axis, 
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k=yJ2n{p+p'~)  +n'(p+p')*-n{p+p') 
Position  of  resultant  compression, 

-Jfc»d+2p'nd'(fc-^') 

Z  ^ ■ 

*«+2p'n(fc-^) 
Arm  of  resisting  couple, 


Fiber  stresses, 

fc  = 


jd  =  d  —  z 


6M 


»<''[^-^'+'-^-(*-S  ('--.)] 


(16) 

(17) 

(18) 
(19) 


—    l^^y^' 


Jf   _     1^-fc 
pjbd^''^^'   k 
d' 


k- 


f'-=nfc    jj. 


(20) 
(21) 


4.     Shear,  Bond,  and  Web  Reinforcement, 

In  the  following  formulas,  Iq  refers  only  to  the  bars  constitut- 
ing the  tension  reinforcement  at  the  section  in  question,  and  jd 
is  the  lever  arm  of  the  resisting  couple  at  the  section. 

For  rectangular  beams, 

V 

v  =  T^.  (22) 


u  = 


bjd 
V 
jdio 


(23) 


(For  approximate  results,  j  may  be  taken  at  ^0 
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The  stresses  in  web  reinforcement  may  be  estimated  by  the 
following  formulas: 

Vertical  web  reinforcement, 

Web  reinforcement  inclined  at  45®  (not  bent-up  bars), 

P=0.7j^  (25) 

in  which  P  =  stress  in  single  reinforcing  member,  7  =  amount  of 
total  shear  assumed  as  carried  by  the  reinforcement,  and  s  =  hori- 
zontal spacing  of  the  reinforcing  members. 

The  same  formulas  apply  to  beams  reinforced  for  compression 
as  regards  shear  and  bond  stress  for  tensile  steel. 

For  T-beams, 

V 


'=m 

(26) 

V 

U  —  .J  V 

(27) 

(For  approximate  results,  j  may  be  taken  at  a- j 

5.     Columns. 

Total  safe  load. 

P=/c(Ac+n^,)=M(l+(n-l)p) 

(28) 

Unit  stresses, 

f        p 

(29) 

^"-AH+in-Dv) 

f>=nfc 

(30) 

INDEX  TO  PART  I 

Retaining  Walls 


Back-fiUing  and  drainage,  61 
Bearing  capacity  of  soils,  14 

Cantilever  walls,  21,  26-45,  62,  63 

Coefficients  of  friction  of  concrete 
on  foundation  materials,  13 

Construction,  baok-fiUing  and  drain- 
age, 61 
forms,  61-64 

Coimterforted  walls,  21,  45-68,  63 

Design,  cantilever  type,  26-45 
counterforted  type,  45-58 
general  method  of  procedure  in, 
21 

Drainage,  61 

Earth,  angle  of  internal  friction,  3, 

8,9 
angle  of  repose,  3 
coefficients  of  internal  friction,  9 
replacing   load   by   equivalent. 

surcharge  of,  10-12 
surcharge  equivalent  to  load, 

10-12 
weight,  2,  8 
Earth  pressure,  active,  6,  7 

assumptions   in   earth-pressure 

theories,  2 
experimental  data,  2 
passive,  -6,  7 
Rankine's  theory,  6-12 
theories,  2-12 
Equivalent  fluid  pressure  for  gravity 

walls,  16-20 

Factor  of  safety,  overturning,  14, 15 

sliding,  14,  15 
Forms,  61-64 


Rankine's  earth-pressure  theory,  6 
Retaining    walls,    back-filling    and 
drainage,  61 

cantilever,  21,  26-45,  62,  63 

construction,  61-64 

counterforted,  21,  45-58,  63 

defined,  1 

design,  21-60 . 

drainage,  61 

factor  of  safety,  14 

forms,  61 

gravity  section,  15,  16 

methods  of  determining  stabil- 
ity, 12-15 

principal  types  of,  21 

reinforced  concrete  and  gravity 
waUs  compared,  1 

special  types  of,  58-60 

theory  of  stability,  1-20 

thickness  of  concrete  covering 
for  steel,  25,  26 

types  of,  21,  58-60 

Safe  bearing  capacity  of  soils,  14 
Special  types  of  walls,  58-60 
Stability,  against  crushing,  13 

against  overturning,  13-15 

against  sliding,  13-15 

methods  of  determining,  12-15 

theory  of,  1-20 

Theory  of  stability,  1-20 
Types  of  walls,  21,  58-60 

WaUs  of  gravity  section,  design  of, 
15,16 
equivalent   fluid   pressure   for, 
16-20 
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Aggregates,  474-482 

Basement,  floors,  161,  162 

walls,  294,  295,  302,  303,  503, 
504 
Beams  (see  floors) 
Bearing  capacity  of  soils,  217-219 

walls,  267-269,  503,  504 
Bedding  machinery,  155,  156 
Brick  veneer,  281,  282 

Cantilever  flat-slab  construction,  de- 
pressed head  design,   121, 
122 
description  of,  112-114 
design  of  interior  floor  bay,  122- 

129 
diagonal  tension  in,  118,  119 
forms  for,  502,  503 
line  of  inflection  in,  120 
methods  of  analysis,  116-118 
punching  shear  in,  118 
sixe  of  column  capital,  118 
stresses  in,  115,  116 
structural  action  of,  114 
Cement,  467-474 

floor  finish,  140-141 
Columns,  base  plates,  207 
brackets,  211-215 
cinder-concrete  cylinders,  211 
design  of  typical  interior,  215, 

216 
details  of  design,  204-211 
eccentricity  of  loading  in,  204, 

205,  212,  395-413 
fire-proofing,  205 
footings  for  (see  foundaiiona) 
forms  for,  487-490, 502, 503, 514 
hoops,  206 
loading,  211 


Colums,  longitudinal  reinforcement 
in,  204 
plain  concrete,  204 
spirals,  206 

splicing  of  rods  in,  207 
structural  steel  cores,  207-210 
weather  breaks  in,  208,  211 
Concrete,    dense    or   impermeable, 
549-552 
estimating,  585-589,  596,  597 
mixing  of,  532-534 
piles,  advantages  of,  244,  245 
Chenoweth,  264-266 
Gilbreth,  264 

molded  before  driving,  255, 
258-266 
in  place,  251-255 
Raymond,  251,  254-257 
Simplex,  251-254 
proportioning  of,  528-532 
surfaces,    544-548,    594,     599, 

600 
tests  on,  474,  475 
transporting    and    placing    of, 

534-537,  569-577 
waterproofing  of,  549-552 
Concreting  in  freezing  weather,  537- 

543 
Construction,  bending  of  reinforce- 
ment, 517-522 
concreting  in  freezing  weath^, 

537-543 
conditions  governing  plant  de- 
sign,. 561,  562 
finishing  concrete  surfaces,  544- 

548 
forms,  483-^516 
materials,  467-482 
measurement  of  materials,  567, 
568 
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Construction,  mixing  cycle,  556-560 
mixing  of  concrete,  532-534 

plant,  555-584 

economics,  560,  561 
layouts,  577-584 

proportioning  of  concrete,  528- 
532 

storage  of  materials,  563-566 

transporting  and  placing  of 
concrete,  534-537,  569-577 

types  of  mixers,  562,  563 

waterproofing  of  concrete,  549- 
554  • 

Continuous  beams,  beam  concentra- 
tions, 375-382 

bending  up  of  bars  and  provi- 
sion for  negative  moment, 
383-390 

fixed  and  moving  concentrated 
loads,  355-369 

increase  of  positive  moments  in 
continuous  beams  due  to 
unequal  settlements  of  the 
supports,  383 

maximum  moments  from  uni- 
form loads,  371-375 

moving  uniform  loads,  369-371 

negative  moment  at  the  ends  of 
continuous  beams,  382 

shear  and  moment  considera- 
tions in,  345-394 

theorem  of  three  moments,  349- 
354 

uniform  load  over  all  spans, 
354,355 

uniform  moment  of  inertia, 
345-390 

varying  moment  of  inertia,  390- 
394 

wind     stresses     in     (see     vdnd 
stresses) 
Design  of  a  factory  building,  419-430 
Door  openings,  290-294 

Eccentricity  of  column  loading,  204, 
205,  212,  395-413 

Eccentric-load  considerations  in  col- 
umns, formulas,  396-401 
in  general,  395,  396 
61 


Eccentric-load,    intentional    eccen- 
tricity, 410-413 
unintentional  eccentricity,  401- 
410 
Economical  considerations,  79,  89, 
105,    106,    110,    128,    146, 
204,  224,  483,  484 
Elevators,  electric,  319-328 

examples  of  installations,  330- 

338 
hydraulic,  328-330 
in  general,  319-338 
selection  of  type,  330 
Elevator  shafts,  319-341 
-shaft  pits,  338-341 
Estimate  for  a  concrete  building, 

601-613 
Estimating  quantities,  concrete,  596, 
597 
forms,  597-599 
steel,  599 

surface  finish,  599,  600 
unit  costs,  concrete,  585-589 
forms,  589-592 
steel,  592-594 
surface  finish,  594 
Example  of  a  building  design,  431- 

466 
Expanded  metal,  169,  170 

Facing,  brick,  281,  282 
stone,  282,  283 
terra-cotta,  282-284 
Flat-slab  floors  (see   caniUever  flat^ 

slab  construclion) 
Floor  surfaces,  140-144 
Floors,  attachment  of  shaft-hangers 
and  sprinkler   pipes,    148- 
155 
basement,  161,  162 
bedding  machinery,  155,  156 
cantilever  flat-slab,  112-129 
economical  considerations,   79, 
89,  105,  106,  110,  128,  146 
forms  for,  490,  494-502,  514 
general  types  of,  68 
loading,  144-146 
monolithic  beam-and-girder, 
68-111 
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Floors,  openings,  147 

steel  frame  construction  with 
concrete  slabs,  137-140 

solid  concrete,  68-111 

surfaces,  140-144 

tests,  156-161 

unit  construction,  129-137 

waterproof,  156 

wind    stresses    in     (see    tn'nd 
ttreasea) 
Footings  (aee  foundations) 
Forms,  design  of,  507-512 

estimating,  689-592,  597-599 

examples  of  design,  487-506 

general  requirements,  483,  484 

lumber  for,  484,  485 

notes  on,  513,  514 

number  of  sets  of,  487 

pressure  of  concrete  on,  508 

removal  of,  485-487 

steel,  512,  513 
Foundations,  cantilever,  237-242 

combined  column,  230-237 

examples  of,  243,^244 

raft,  242,  243 

single  column,  219-230 

types  of,  219 

Girders  (see  floots) 
Granolithic  floor  finish,  140,  141 

Hollow  tile,  properties  of,  69-71 
weight  of,  70 
floors,  construction  of,  69-71 
design  of,  104-111 
table  for.  111 

Joint  Committee  on  concrete  and 
reinforced  concrete,  second 
report  of  (see  Appendix, 
page  615) 

Loading,  columns,  211 
floors,  144-146 
roofs,  189,  190 

Machinery,  bedding  of,  155,  156 


Materials,  measurement  of,  567,  568 

selection  of,  467-482 

storage  of,  472,  563 
Mixers,  types  of,  562,  563 
Monolithic  beam-and-girder  floors, 
design  of,  74-111 

forms  for,  490,  494-^500 

types  of,  68,  69 
Mushroom  floor  construction  (see  can- 
tilever flat-^lab  construction) 

Notation,  general,  654,  655 

special,  given  where  needed 

Pari4)et  walls,  294 
Partition,  brick,  308 

concrete  block,  303 

metal  lath  and  piaster,  303-306 

plaster  block,  307 

solid  concrete,  303,  308,  ^  ^p*^  j^^ 

terra-cotta  tile,  306,  307    ^*^^'* 

weights  of,  307,  308 
Pent  houses,  341 
Piles  (see  concrete  piles) 
Plant,  conditions  governing  design, 
561,562 

economics,  560,  561 

general  discussion,  555,  556 

layouts,  577-684 

measurement  of  materials,  567, 
668 

mixing  cycle,  556-560 

storage  of  materials,  472,  563 

transporting    and    placing    of 
concrete,  534-637,  569-577 

types  of  mixers,  562,  563 

Quantities,  estimating  of,  595-600 

Reinforcement,  bending  of,  517-522 

estimating,  592-594,  699 

expanded  metal,  169,  170 

placing  of,  622-527 

ribn.;t.\  !70.  171 

systems  i^f   171-178 

types  of,  1 5^178 

wire  fabric,  163-169 
Reinforciug  systems,  Akme,  176-3  75 

Columbian,  171 
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Reinforcing  systems,  Corr-tile,  174- 
177 

Cummings,  173 

Hennebique,  171 

Johnson,  178 

Kahn  tnissed-bar,  172,  173 

Luten  truss,  175,  177 

Merrick  floor,  174,  175 

Mushroom  (see  cantilever  flat^ 
slab  construction) 

Pin-connected,  174,  175 

Unit,  173,  174 

Xpantrus,  176-178 
Rib  metal,  170,  171 
Roofs,  concrete  surfaces,  179-181 

design  of  roof  bay,  190-198 

drainage,  184r-189 

loading,  189,  190 

saw-tooth,  198,  203 
^  jm  ^P^*^  coverings,  181 
'^  Surfaces,  179-184 

Saw-tooth  roofs,  198-203 

Shaft    hangers,    provision    for    the 

attachment  of,  148-155 
Slabs  (see  floors) 
Soils,  bearing  capacity  of,  217-219 

pressure  on,  219 
Spandrel  walls,  272,  275,   281,    503, 

504 
Sprinkler  pipes,   provision  for   the 

attachment  of,  148-155 
Stairs,  details,  315-318 

general  design,  309-311 

methods  of  supporting,  311-315 
Steel  (see  reinforcement) 

frame  floor  construction   with 
concrete  slabs,  138-140 

wire  gage,  163,  164 
Surface  finish,  brushed,  545 

colored  547,  548 

estimating  Cost  of  594,  599,  600 

rubbed,  544,  545 

sand-blast,  547 

tooled,  545,  546 
Surfaces,  concrete,  544-548 

estimating  cost  of  finish,  594, 
599,  600 

felt-and-gravel  roof,  181-183 


Surfaces,  finishing  concrete,  544^548 
floor,  140-144 
roof,  179-184 
vitrified-tile  roof,  183 

Terra-cotta  hollow  tile  floors   (see 
hollow4ile  floors) 

Tests,  column  bracket,  213-215 
concrete,  474,  475 
flat-slab  floor,  157-160 
method  of  making  floor,  156, 157 
unit  T-beams,  160,  161 

Theorem  of  three  moments,  349-354 

Tile  floors  (see  hoUoxMHe'floors) 

Unit  construction,  floors,  129-137 
Ransome    system,     133,     134, 
136,  137 
"Unit-bUt"  system,  131-133,  135 
costs,  estimating  of,  585-594 
University  of  Wisconsin  system  of 
floor   construction,    71-74, 
499,500 

Veneer,  brick,  281,  282 
stone,  282,  283 
terra-cotta,  282-284 

Walls,  basement,  294,  295,  302,  303, 
503,504 

bearing,  267-269,  503,  504 

brick  and  other  veneer,  281-284 

cornices,  294,  504 

curtain,  269,  271,  281,  503,  504 

door  openings,  290-294 

parapet,  294 

spandrel,  272,  275, 281,  503,  504 

window  openings,  284-290 
Waterproof  floors,  156 
Waterproofing  of  concrete,  coatings 
or  washes,  552,  553 

dense  or  impermeable  concrete, 
549-552 

introduction   of  foreign  ingre- 
dients, 553 

layers  of   waterproof   material, 
553,554 

methods  employed,  549 


666  INDEX  TO  PART  II     <f-/J>'  ^M. 

Window  openings,  284-290  Wire  fabric,  advantage  of  using,  163 
Wind  stresses,  design  of  individual  lock-woveni  168 

members,  418  staple-locked,  169 

general  discussion  of,  414  tie-locked,  167,  168 

method  of  figuring,  414-418  triangle-mesh,  165,  166 

wind  loads  and  working  stresses,  welded  wire,  164,  165 

418  Wood  floor  surfaces,  141-142 
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